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Traffic Trends on Rural Roads in 1946 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH 
PUBLIC ROADS ADMINISTRATION 


Total rural-road traffic in 1946 broke all 
previous records, exceeding the previous 
high in 1941 by a slight margin. The sea- 
sonal summer peak in 1946, however, was 
somewhat less than that in 1941. 

On the main rural roads of the country, 
travel in 1946 was over 124 billion vehicle- 
miles, of which about 80 percent was by 
passenger cars. Commercial vehicles car- 
ried 21 percent more ton-mileage of freight 
in 1946 than in the previous year, but the 
proportion of trucks loaded dropped 6 per- 
cent. The average weight of carried load 
remained about the same. 

The sharp rise in use of heavier commer- 
cial vehicles that occurred during the war 
was undiminished in 1946. Truck-combi- 
nation travel was 27 percent higher than in 
1941. Axle loads were 31 percent heavier 
than in the prewar period, and the frequen- 
cy of heavy axle loads was five times greater. 
Gross loads have also increased greatly, and 
heavy loads are far more common than in 
the prewar period. 


RENDS in total rural traffic reported in 

this analysis are derived largely from the 
records received from approximately 670 auto- 
matic traffic-recorder stations operated con- 
tinuously throughout the year on rural roads 
in 48 States. The automatic-counter records 
provide no classifications by vehicle type. 
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Figure 1.—Vehicle-miles of travel on all 
rural roads in 1941, 1943, 1945, and 1946, 


by months. 
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Reported by THOMAS B. DIMMICK, Highway Economist 


Such information, and trends in volumes, 
weights, and characteristics of truck traffic 
reported here were obtained from the summer 
survey described in another part of this article. 
Supplemental counts made by many States 
yielded valuable information concerning total 
traffic and the classification of vehicles. Con- 
sideration has been given to all available data, 
but the most reliable of the information, or 
that derived from the traffic sample with the 
most complete coverage, is given preference 
here. In instances where the States have 
prepared and submitted vehicle-mile estimates 
for State systems, these have been employed 
rather than estimates made by applying trend 
factors to data of previous years. 

In figure 1 is demonstrated the variation in 
rural traffic by months in the year 1941, the 
peak prewar year; the year 1943, the war year 
during which traffic was lowest; the vear 1945, 
when traffic increased sharply after VJ-day 
as gasoline rationing was terminated; and in 
the year 1946, the first full postwar year. It 
is interesting to note the differences in the 
traffic patterns during these years when such 
varying circumstances existed. While 1946 
traffic exceeded that of 1941 by a small per- 


m—m-m== THREE EASTERN REGIONS 
gooeecve'. *FOUR CENTRAL REGIONS 

—--=— TWO WESTERN REGIONS 

mmm AVERAGE FOR THE UNITED STATES 


and MARY E. KIPP, Statistician 


centage, the peak of 1946 traffic was appreci- 
ably below that of 1941, when traffic during 
the summer months was considerably higher 
than in any other year. 

The monthly relations of traffic in the years 
1942 through 1946 on all rural roads to that 
in corresponding months in 1941 are shown in 
figure 2. Apparent from this chart is the 
great postwar increase in traffic in the Western 
States—probably due to the migration of 
population to the west coast, which was pro- 
nounced during the war years. For the same 
reason, traffic decreased less during the war 
in the western regions than in other parts of 
the country. In contrast, traffic in 1946 in 
the eastern portions of the country generally 
failed to meet the levels attained in 1941. 

Traffic information is analyzed in this report 
for the United States as a whole, for each 
census region, and generally for three groups 
of regions that roughly represent the eastern 
seaboard, the Central States, and the Western 
States. The States comprising each of the 
census regions are indicated in the first column 
of table 4, page 44. The data available are 
not deemed sufficient to justify presentation 
of separate statistics for each State. 
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PERCENTAGE OF TRAFFIC IN CORRESPONDING MONTHS OF 1941 
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Figure 2.—Relation of rural traffic in the years 1942-46 to that in corre- 
sponding months of 1941, expressed as percentages. 
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Table 1.—Ratio of traffic volume in 1946 to that in corresponding months of 1945, 1943, 
and 1941, as determined from automatic traffic-recorder data 


RATIO OF 1946 TRAFFIC TO 1945 TRAFFIC 
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Region Jan. | Feb. | Mar.| Apr Oct. | Nov.}| Dee 
Eastern regions: 
New. tigland: <2 522 eee et de ot 1,49 | 1.48 | 1.55]. 1.54 } 1.62 | 1.65°| 2.63) | 1.42.).1.26 | 3526: }°1..22 | 1.28 
+. Middle“A tlantie=.2 252 _. sb sae) 1,62 | 4:62" 1.56 |. 155 | 1.54 }.1.56 | 1.47 | 1.26 | 1.32 | 1.22 | 1.23 | 1.57 
SOULD ALIAntIOg ne te 1.55. |..1.:63,|-1. 59 | 1.56 | 256 | 1.567) 1. bt 1142 28} 12) i 228) 130: 
Average.___. on goe Ae ee ees Tes 1.56 | 1.61 | 1.58 | 1.55 | 1.56 | 1.57 | 1.51 | 1.85 | 1.29 |. 1.22 | 1.23 | 1:40 
Central Regions: 
East North Central...___..-_-___.- 1.640} 92..699) 1.68.)°25 707) L771 S71. Sele shales 22) (ad odolied. ton deco 
Hast. South Gentrala2 5. -<_--2- _ 47 1 W61s is 49. | 16470) S51 140 SO Set 205 26.1 ool tesAO 
iW ést Worth Centrale =e 1.'29 | 1.45] 1.42 | 1.60 | 1,50 |. 1.49 | 1754 41.42 ("1.23 11.23) | 127 | 1:40 
West South Central____-_________- 1.58 | 1.'70 | 1.59 | 1.52 | 1.60 } 1.50 | 1.49 | 1:41} 1.82.| 1.33 | 1.23 | 1.31 
A VGIAgescebae os! close CAE: 1.51 | 1.62 | 1.53 | 1.57 | 1.63 | 1.51'] 1.50 | 1:37) 1:25 | 1.28) 1.21 } 1.34 
Western regions: [AIO 
Mountding § 223: 32: ies 1.38 |-1.50 | 1.44 | 1.52 | 1.50. | 1.60 | 1.57 | 1.48 | 1.27 | 1.14 | 1.18,| 1..22 
PRC Crates £252) cao eee ne a nee 1.47 | 1.654 | 1.64 | 1.67 | 1.70 | 1.63 | 1.63 | 1.66 | 1.34 | 1.25 | 1.02 | 0.99 
FAW CLRCG 6 ota 2008 ee oe ee 1244} 163.1 0,87 | 1.62 sled. 63: 100.62 1 Gi 1.607) o82) | et 2th Oda) 1.05 
United States average..........-.-__- ve 62 | 1.60] 1.55 | 1.68 | 1.61 } 1.55 | 1.52 | 1.40] (1.28 ).1,25.1 1.19 | 1.30 
RATIO OF 1946 TRAFFIC TO 1943 TRAFFIC 
Eastern regions: 
New ongiand 2 2 eee 1.65 | 1.60 | 1.66 | 1.55 | 1.67 | 2.05 | 2.09 | 1.77 | 1.79 | 1.80 | 1.84 | 1.74 
WETGGIGIA TiantiC =“ 22 ee 1569") LEZO 1. 75 Al. 69) | ES POT a Oe 164" | 74 168 ts 744 2292 
South Atlantic ..29:°2 5.252452 1.82 | 1:78 | 1.80 | 1.69 | 1.70 | 1.86 | 1.86 | 1.71 | 1.61 | 1.64 | 1.68 | 1.68 
WA VOrugostr tek 2c ee See. 1.74 | 1.73 | 1.76 | 1.63 | 1.71 | 1.93 | 1.94 | 1.69 |] 1.70 | 1.69 | 1.72 | 1.78 
Central regions: 
Bast North ‘Central. 2122-22 2208 $560} 1. 660 01567 4) 1667 Or love ia. 0c deGs) ke Does la6Se) JonguMel.ol 
Hast South: Central _-— 2) 1.52} 1.55 |} 1.61 | 1.53 | 1.52 | 1.46 | 1.51 | 1273 | 1,68 | 1.67 | 1.667) 1.69 
West North Central._.___________- 1.41 } 1.39 | 1.50 | 1.49 | 1.861 | 1.57 | 1263°| 1.66 | 1.62 | 1.63 | 1:64 )°1. 55 
West South Central__.__..-__..____ Lavoe lel; OS oh ts t4 th Cate 16,1608 lade Oe laren Late Weed de lek engon) ke CL 
AVCLage 20th. set eee eS 1.58} ,1.55 | 1.64 | 1.61} 1.64.) 1.58 | 1.61 |. 1.67.) 1:61;| 1.69 | 1.62: | 1.60 
Western regions: 
Mountain 1.58 | 1.66 | 1.71 | 1.80 | 1.86 | 1.65 | 1.64 | 1.53 | 1.64 
Pacific__-__--- 1.93 | 1.92 | 1.92 | 1.90 | 1.94 | 1.85 | 1.91 | 1.66 | 1.58 
Average 1.80. | 1.8382) 1084 (1865) 182s 178 | d.825) 1.6te}0 1760 
United States average-....-.--------- 1.67 | 1.64 | 1.70 | 1.64 | 1.69 | 1.72 | 1.75 | 1.72 | 1.67 | 1.71 | 1.65 | 1.65 
RATIO OF 1946 TRAFFIC TO 1941 TRAFFIC 
Eastern regions: 
Newilineland > 22) Sea te 0.91 | 0.83 | 0.98 | 0.84 | 0.77 | 0.76 | 0.74 | 0.70 0.78 | 0.80 
Middle Atlantic. "22 es es oe 92 . 96 . 84 . 87 .79 -78 -81 ao -91 | 1.06 
Bouth-A tlanties! 2 2-. Sa eee 97 | 1.01 } 1.05 . 96 . 96 . 95 . 90 . 90 a Olaial Or 
IA VGrages . -9--3 See ee eS -94] .97] .96) -,91 .85 | .84] .83] ..80 .93 | .99 
Central regions: 
Hast North Central: ss seee 107) Wess ps 12716105 . 98 . 92 . 87 . 96 - 90 . 87 
asp south Central Soo 2 ee ee 1.07 (8 de8) 181. 238 20206:4) 2202 .97 94 | 1.09 1,12 | 4.05 
West North Central__.=-_._-_____. .99 .98 .99 . 98 91 . 95 . 94 . 94 . 98 .94 
Wast South Centralics 2222 LoVe | L220 kl 20 aT let b deel 7] 61 kG 1.16 | 1.08 
ANCTALO see WoO ee AOS filed deiel. bee OF ates . 98 ~95 11:00 1.01 . 96 
Western regions: 
Mountain - Be hia Soe een ee i Fs eB .99 | 1.08 | 1.00 | 1.06 | 1.01 | 1.08 99 | 1.09 
PaOHics:.: Soe Re ee ae 12th) BOL SLO 19) ote ob Sa e oy, Fats lel. 07 
A‘VETAgO soe. a emcee PVA LG 19122 ete | OOM E AS 1.16 ison" 1.07 | 1.07 
United States average_......--------- 1.05 | 1.07 | 1.06 | 1.02 | .97| .97| .94| .96 .99 | .99 











The ratios of traffic volume in 1946 to those 
in corresponding months of 1945, 1948, and 
1941 are shown in table 1. The sharp in- 
crease in 1946 traffic over that in the previous 
year is evident. Because of the end of gaso- 
line rationing in August 1945 and the conse- 
quent sharp rise in traffic, the comparative 
increase in traffic for the later months of 1946 
over 1945 is less marked than in the earlier 
months of the year, particularly in the West- 
ern States. 

Traffic in 1946 in the western regions, 
particularly the Pacific States, has consistently 
exceeded the 1941 levels by a substantial 
degree. The eastern portion of the country, 
especially the New England States, has 
remained generally below the 1941 figure. 
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The striking rise of 1946 traffic over that of 
wartime (1943) is evident in all sections of 
the country. 

Table 2 shows the percentage of total 
monthly vehicle-mileage for each month of the 
year and for the entire year in each census 
region in 1941, 1943, and 1946. Notable in 
this table are the substantial increases in the 
proportion of the Nation’s traffic occurring in 
the two western regions and, in particular, the 
Pacific States, during the years 1943 and 1946 
from the prewar year 1941. The percentage 
of the eastern area generally has declined, 
with the New England States showing the 
greatest relative decrease, followed by that of 
the Middle Atlantic States. The central 
section of the country, on the whole, has 


‘the State. 
insure maximum comparability with informa- — 


remained comparatively stable in this respect; 
however, the percentages in the south-central 
portion have increased, while those of the 
north-central region have decreased. . 

Table 3 indicates the differences among the 
annual traffic patterns for the years 1941, 1943, 
and 1946, showing the percentage of traffic 
in each month of these years by regions. 


Normally, for the United States as a whole, 


the summer months of July and August have 
higher percentages of traffic than any other 
month of the year. This is generally true 
for the years shown; however, summer travel 
in both 1943 and 1946 was lower in propor- 
tion to total yearly traffic than it was in 1941, 
indicating that prewar summer travel peaks 
were not yet recovered in 1946. 


SUMMER SURVEY ON MAIN RURAL 


ROADS 


During the summer of 1946 the highway 
departments of 47 States, in cooperation with 
the Public Roads Administration, conducted 
a survey to obtain data concerning the volume 
and composition of traffic and the weights of 
trucks and truck combinations on rural roads 
for the determination of trends in traffic, 
This survey was similar in character to sur- 
veys conducted by the several States in 1942, 
1943, 1944, and 1945.! 


The majority of weighing stations were. 


operated during July, August, or September, 
with Mississippi extending operations through 
October. This survey was accomplished in 
every State except South Carolina. 

Data were obtained from 541 weighing sta- 
tions, all of which had been used in the 1945 
survey or in the most recent survey made by 
The work was so scheduled as to 


tion obtained in previous years. 

These stations, which were selected initially 
to effect a representative cross section of 
traffic on main rural roads, were generally 


operated for 8 hours on a weekday, either from — 


6 a. m. to 2 p. m. or from 2 p. m. to 10 p. m. 
All traffic passing through the stations during 
the period was counted and classified. Military 
vehicles, negligible in proportion to total 
traffic, were not separated from civilian traffic 
in all States as was done in similar surveys 
made during the war. Vehicles were classified 
into the following categories: Local passenger 
cars; foreign (out-of-State) passenger cars; 
light, medium, and heavy single-unit trucks; 
tractor-truck and semitrailer combinations; 
truck and trailer combinations; and busses. 
The survey period, number of stations oper- 
ated, number of vehicles counted, and number 
weighed are shown for each State in table 4. 
A total of 868,095 vehicles were counted dur- 
ing the period of the survey at all stations. 
In addition, those States that counted military 
vehicles, if any, separately from civilian, 
reported a total of 1,606 military vehicles, 
which was only 0.2 percent of the entire 
count. These are not shown in any of the 


1See Traffic trends on rural roads in 1945, by T. 
B. Dimmick; PuBtic Roaps, vol. 24, No. 10; Oct.-Nov.- 
Dec. 1946; and Amount and characteristics of trucking on rural 
roads, by J. T. Lynch and T. B. Dimmick; Pusuic Roaps, 
vol. 23, No. 9; July-Aug.-Sept. 1943. 
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Table 2.—Percentage of total monthly traffic on rural roads in each United States census region in 1941, 1943, and 1946 






























Eastern regions Central regions Western regions 

ee Pes SSeS le a CRS pa oT ea, Dale (Ga ee SS ye ae se | Ga ee apes 

er tates 

: East East West West 
New Middle South Moun- ; total 
: . Total North South North South Total ~s Pacific Total 
England | Atlantic | Atlantic Central | Central | Central | Central tain 

PY IANIOALY 211) OSD Sa ses ose os) = Fk se 4. 60 13. 10 16. 45 34.15 18. 32 6.71 11. 58 13. 48 50. 09 5.19 10. 57 15. 76 100. 00 
OSB en eS cae pen ne eS oe 4.10 inky al 14, 41 30. 22 18. 47 7.40 13. 03 14. 56 53. 46 5. 87 10. 45 16. 32 100. 00 

babs £2 SNS Sek SS Petes 2 3.99 Tio 15. 30 30. 80 18. 72 6.86 10. 91 15. 07 51. 56 5.49 12.15 17. 64 100. 00 

Wabrusr yew 1041. -on3 2 eo ant tos se 5.06 12. 54 15. 88 33. 48 18. 36 6. 59 12, 49 12. 87 50, 31 5.30 10. 91 16, 21 100. 00 
ULE E eae 2 ae eae eet ee 4.07 11, 04 14, 20 29. 31 19, 21 7. 20 13. 48 14. 16 54.05 5. 77 10. 87 16. 64 100. 00 

ae beees owe aess es setae) 3.94 11. 23 15. 09 30. 26 19.32 6.97 11.36 14. 67 52. 32 5. 53 11.89 17. 42 100. 00 

WE die a BAS ee Pee a ee Se 5. 02 13.05 15.17 33. 24 19. 11 6. 41 12.31 12. 60 50. 43 5. 78 10. 55 16. 33 100. 00 
ee eee eS 4.77 10. 28 14. 48 29. 53 19. 64 6. 97 13.19 13. 17 53. 50 5. 93 11.04 16. 97 100. 00 

La ean Somes res 4.62 10.35 15.07 30. 04 20. 22 6. 78 11. 51 14, 21 52.72 5, 41 11.83 17. 24 100. 00 

AN[ aya ea Ga Spee a, Siac a Sey 5 Sit a eo 5. 61 14. 59 14. 86 35. 06 19. 87 6.19 12.19 11, 26 49, 51 5. 25 10. 18 15. 43 100. 00 
ry = ep elas ee hh Sep ee ee ow 4.93 13. 10 13. 91 31. 94 19.03 6. 69 13.05 12. 86 51. 63 5. 97 10. 46 16. 43 100. 00 

We a akg tae aie ee ea Ee 4.61 12. 43 14. 00 31. 04 20. 38 6.39 11. 70 13.18 51. 65 5. 53 11, 78 17.31 100. 00 

DVIS Vom aeen LOST os ees ot nse ae see 5.95 15. 38 13. 42 34. 75 20. 58 6.06 12. 48 10. 34 49. 46 5.39 10. 40 15. 79 100. 00 
ae, ee St eee ee 4. 86 12, 47 13. 43 30. 76 19. 64 6. 93 13. 27 12, 24 52. 08 5. 91 11, 25 17. 16 100. 00 

Se Oa oat eet en ais 4.75 12. 50 13. 24 30. 49 20. 80 6.38 11.71 12. 86 51.75 5. 56 12. 20 17.76 100. 00 

puree 104k te srt le ottaticr Gssie 6.00 15. 21 13. 70 34. 91 20. 28 6. 08 12. 51 10. 74 49. 61 5. 61 9. 87 15. 48 100. 00 
ee pe ee ae Pk cen a ae 4.01 10. 92 12.80 27.73 20. 14 7.02 13. 67 13. 10 53. 93 6.41 11. 93 18. 34 100. 00 

te at a Ee ae ae 4,74 12. 26 13. 55 30. 55 19, 41 6.10 12.31 12. 76 50. 58 6.13 12.74 18. 87 100. 00 

UL Y wietene LODL YS. 22 f 5 8 oe ta seen 6. 49 15. 22 13. 77 35. 48 20. 81 6. 09 12.18 9. 84 48, 92 5. 70 9. 90 15. 60 100. 00 
4.32 11, 84 12. 66 28. 82 20. 04 6. 83 13.17 12. 53 52. 57 6. 20 12, 41 18. 61 100. 00 

5.10 13. 07 13. 22 31.39 19, 21 6. 06 12.10 12. 20 49. 57 6.14 12. 90 19. 04 100. 00 

6. 63 15. 87 13. 47 35. 97 20. 60 5. 86 12, 49 9. 78 48.73 5. 50 9. 80 15. 30 100. 00 

4.74 Ea2t 12.96 30. 91 20. 34 6. 49 12. 79 11. 56 51,18 5. 94 11.97 17.91 100. 00 

4.83 12.35 12. 62 29. 80 20. 45 6. 65 12.17 11. 82 51.09 6.17 12. 94 19, 11 100. 00 

6.12 15.27 13. 37 34. 76 20. 36 6. 29 12. 37 10. 76 49. 78 5. 32 10.14 15. 46 100. 00 

4. 87 13. 44 13. 26 31. 57 19. 86 6.35 12. 53 11. 46 50. 20 6. 03 12, 20 18, 23 100. 00 

5.18 13. 75 12. 53 31. 46 19. 46 6.49 12. 02 11. 92 49.89 5. 70 12.95 18. 65 100. 00 

6. 08 14. 53 13. 64 34, 25 19. 85 6. 43 12. 78 11, 26 50, 32 5,42 10. 01 15. 43 100. 00 

4.78 13.11 13.95 31. 84 18, 48 6. 60 13.16 12. 16 50. 40 5. 99 LETh 17. 76 100. 00 

5. 00 12. 74 13.17 30. 91 19.14 6. 61 12, 42 12, 78 50. 95 5. 52 12. 62 18. 14 100. 00 

5. 86 14,14 14. 30 34, 30 19. 76 6. 20 12. 60 11. 82 50. 38 5.39 9. 93 15. 32 100. 00 

4.16 12, 51 14. 66 31.33 18. 53 6. 83 12. 68 13. 06 51.10 6. 04 11. 53 L757, 100. 00 

4. 61 12, 93 14. 62 32.16 18. 00 7.02 12. 50 13. 80 61.32 5.39 11.13 16. 52 100. 00 

5. 39 12. 94 14, 89 33. 22 19.79 6.72 12. 43 13,11 52.05 4, 84 9, 89 14. 73 100. 00 

4.19 12.13 15. 26 31. 58 18.01 6. 85 12. 66 13671 51. 23 5. 56 11. 63 17.19 100. 00 

4.36 13. 81 15, 24 33. 41 17. 33 7.14 11. 82 14, 34 50. 63 5, 29 10. 67 15. 96 100. 00 

5. 82 14, 48 14, 27 34, 57 19. 93 6. 27 12. 38 11. 31 49. 89 5. 40 10. 14 15. 54 100. 00 

4. 50 12. 22 13.77 30. 49. 19. 33 6.82 13. 04 12, 82 52. 01 5. 98 11. 52 17. 50 100. 00 

4. 69 12. 48 13. 85 31.02 19, 41 6. 59 11, 92 13.17 51, 09 5. 68 12, 21 17.89 100. 00 














Table 3.—Percentage of annual traffic in each month in 1941, 1943, and 1946 


Eastern regions Central regions Western regions 


= a peep eee Cee pe United 


States 
5 East West West 
wey a | Middle |. South | Total | North | South | North | South | Total | Moun- | Pacific | Total | ‘tal 
ENS 2G c Central | Central | Central | Central tain 


Period 


; 5. 63 6. 56 5. 72 6.15 5. 89 6. 39 
6. 37 6.14 6. 98 6. 42 6.61 . 6. 31 5. 83 
6. 35 6. 16 6. 65 5. 85 6. 45 6. 18 6. 36 
6. 23 5. 93 6. 76 6. 49 6. 49 6. 31 6. 93 
6.77 6. 91 7. 43 7. 28 7. 32 6. 80 6. 65 
6. 68 6. 82 7, 24 6. 53 7.01 6. 66 
6. 75 6. 73 Vali 6. 98 7. 51 
7.14 7. 48 7. 53 7. 44 7. 30 
7.19 7.73 7. 63 7.16 7. 06 
8. 10 7.96 7.89 7. 86 7.76 
8.76 8. 23 8. 20 8. 36 8. 34 
8.15 8. 55 7.90 7.99 7.93 
8. 92 9. 16 8. 58 8. 94 8. 85 
8. 62 8. 69 8. 69 8. 70 8. 45 
8. 44 9. 20 31 . 8. 43 8. 40 
9. 27 9. 35 : 9, 28 9. 53 
7.87 9. 02 : 9. 07 9, 28 
8. 69 8. 82 : 9.11 9. 52 

10. 46 10. 65 \ 10. 02 10. 74 
8. 69 9. 53 L 9. 28 9. 53 
9. 65 9. 45 9. 69 10. 31 

10. 75 10. 42 10. 51 
9. 83 9. 51 
9, 52 10. 11 
9. 38 9. 31 

10. 02 9.30 
9. 72 9. 67 
8.49 8. 84 
9. 32 9. 00 
8. 99 9. 40 
8.14 8.35 
8. 52 8. 06 
8.39 8. 48 
7. 46 7.79 
8. 09 : 7. 58 . 36 ; 
8. 23 : F 7. 58 ’ 7. 58 ‘ ; 

100. 00 : : 100. 00 \ 100. 00 ; 100. 00 
100. 00 Y ; 100. 00 : 100. 00 : 100. 00 
100. 00 h E 100. 00 7 100. 00 : 100. 00 
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Table 4.—Survey period, number of stations operated, number of vehicles counted, and was loaded or empty, and the number and 
number weighed in each State in the special weight survey during the summer of 1946 spacing of axles were recorded, as well as the 
load on each wheel on one side of the vehicle. 
Vehicles counted Aras oy St ; 
TUCKS an 
Region and State Survey period te combina. COMPARISON OF 1946 AND 1945 
F Trucks and tions 
stations | 41] vehicles| combina- weighed SUMMER SURVEYS 
tions 

| |} | —_—_—— The ratios of 1946 summer traffic to corre- 
New England: sponding counts in 1945 are given by type of 
Monnoecticuts-= = tes ete eed AIG 5-28 ont oe 10 27, 424 3, 886 1, 671 hi f b VX * | d 
Mainess.2 st) eet CaS re July 29-Aug. 9._-.-.-__- 8 15, 675 2, 644 1 167 vehicle in table 5. s previously stated, 

Massachusetts test tone es aan See Cs (a fais ey Sr 8 ee 10 26, 4,7 , ili i igi 
New Hampshire.....___.-.-.-..-.-.--- July 20-Aug.2.__.____-- 5 12,073 1, 437 531 military traffic during 1946 was negligible 
See Rela -22 28 Sauces e sh eciee tee be ee : 8, an hd ou and is excluded in the present comparison. 
re ee ibs Hk erie Mage. ne re : iis. Seaeeee Particularly outstanding in this table is the 

Subtotal...-------------------------|-------+----+------------- a 99, 278 ee 6, 783 striking rise in numbers of passenger cars 
Middle Atlantic: counted in 1946, especially foreign (out-of- 

AY env TOrsey,. nit oean et a Aas ee Ah rs-2E re ee he 10 54, 419 9, 855 2, 201 g hank ee cduees rt 
Now Yorks... cia ote tee Bapt, 23-07 rte Sees 20 33, 349 7, 933 3, 167 tate) passenger cars, which is due in pa 
Pennsylvania -_----------------------- Aug. 5-13__------------- i 31, 666 5, 511 1, 488 to the resumption of peacetime vacation 

Babt Otel, <2 cpa eee. ot ot es eee eee 41 119, 434 23, 299 6, 856 travel habits, despite the fact that produc- 

South Atlantic: tion of new automobiles has not satiated the 
Delawsretinc.2--sh aes - 3a. Sears ees Sépt. S-fane aces tees 4 11, 434 3, 022 464 He pa : 
Wiorida = 4; solemn fel a pk June 12-July 5._........ 10 10, 725 2,071 1, 802 demand. Considering the 1946-45 ratio of 
Georgintat 2 SS Sets a whug. 6-03) Mots eee 10 11, 066 2, 459 1,777 trucks, generally, travel by single-unit trucks 
Maryland » 2 Seber hr eee July 29-Aug. 16__------- 10 31, 221 6, 020 1, 040 3 P G 
North Carolina === 2-0-2 -o-o-os- ‘Ang, €-28. 282.25 oe 10 17, 115 3, 603 2) 240 increased more than that by combinations 

out aroling... 22208" 23 ices es See IN’O'SUTV CY Bee fre See ree ree | Se met ee ae wee | Os ree oes | oe eae 
Wirginis wee 16 Seeker in aa ts July 31-Aug. 14........- 10 15, 517 3, 838 2, 149 except throughout the Western States where 
West, Varna. twee sf. Steen Aug. 13-Sept. 5_-_------ 9 9, 585 2, 385 1, 083 the trend is toward the greater use of the 
Bubtotabetsc: tts oe Dad ae eR eee 63 106, 663 23, 398 10, 555 heavier type commercial vehicle. 
Eastern regions, subtotal...........-...----|.-----------------+-----+- 147 | 325,375 61, 992 24, 194 Table 6 shows the percentage distribution of 
Re acrintence: = |= __ total traffic by vehicle type in 1946 and 1945. 
Tilinois By AS. S4 40 WS cite eae ee ‘Aug. 13-Sepigo ee 44 69, 916 8, 173 4,176 The increases in percentage of passenger cars 
diong tie. Pe tT 0 ee es July 31-Aug. 30__------- 20 33, 313 7, 330 3, 059 : : ; 
Michigans): ps soo, Oe sek July 25-Aug.8___._._._- 10 24, 191 3,616 1, 616 to total vehicles in 1946 compared with 1945 
id ee sul, mien se, = --------- a0 ao - roa L ue were largely due to the rise in foreign or out- 
u ARIE 0 see weer i ; h : 
y : of-State traffic during 1946. 
Subtotal ...-.------------------------|---------2--222-0200020 22> 96 167, 420 25, 400 12, 245 The average weights of loaded and of empty 
East South Central: ks and combinations in the summer of 1946 
Alobamt isc 3 aes eRe Ang: 14400! 5 tere eee 10 9, 024 2, 025 1,413 pee im : ‘ 
Kentucky. ED PE BOD, Fes: FGly S10." nae ee 10 10, 366 2-370 865 and in a corresponding period of 1945 and 1943 
ississip pi. ¢: ae os Bee oe IulyO-Octe solos ee 15 16, 272 3, 094 737 F ’ 
TPeriness06s022. oa ee ees July 23-Aug. 30..._____- 10 8,940 2) 215 1, 709 are shown in ipa ie ae 1946 to 
aa a hi ble indicates that the average. 

Subtotal. 27a." 3. 2 Sle ies alt een aes Seek e 45 44, 602 9, 704 4, 724 RS Pipes gels? : ; : eo 

Wost North C 1 weight of loaded single-unit trucks increased 
Jest North Central: : : 
Towa. -—--------- 2-2-2 eeenenenenenenene TEV bd 7 Ea ee cien wie 10 10, 037 1, 780 1, 687 4 percent, that the ehtiee weight Sane 

ANEAS.: 554+ Dehra ener AUB }I-We se. oP saat 10 7, 958 1, 581 867 mbinati increa 10 percent, while 

Minnesota who einncn a Se aa ee bane Sees ea Aug. 5-162 aye Si ay 8 10, 605 2, 045 1, 164 co binations crease p t, t e 
Missouri FREE ee ee July 20-Auig, 16-2. -s208 14 35, 137 6, 854 5, 469 average weight of all loaded trucks and com- 
Nebraska.) -! "eee eer Sees July 18-Atig. 8.5. s.c- sce ul 9, 148 2, 000 1, 927 ee: ‘ hat 

NorthsDakota 22) ener char ae aie ceed 10 12) 265 2 601 1) 901 binations increased 8 percent. Similarly, 
South Dakota.-/goakeeiessss eo July 20-Aug. 15-___.-..- 12 5, 848 1, 018 1, 002 comparing 1946 with 1945, the average weight 

Subtotal ee... cee ON eee i, en one eee 75 90, 998 17, 879 14, 017 of loaded single-unit trucks decreased 3 per- 

West South Central: : cent while the average weight of loaded 
AT KaNSHS Ser "de? Sane aes. ee eee Aug? }-16 235 eae 10 12, 809 3, 485 1, 553 i i i n i 
ouisians Sa Eee eee ee oe te July 29-Aug. 9_____-____- 10 7, 014 1, 859 1,377 combinations increased 3 percents id - slight 
Oldahorha <3: See eee he tesa July -20-A Ges 7-06. 10 11) 601 2) 585 2) 498 drop was evident in the average weight of all 
PLO XS Bee ee eee July. 22-A 08 29 2s ese 18 23, 780 5, 180 3, 037 loaded trucks and combinations. 

Subtotals. Atak ae et Ae ee ee ale Eo ee 48 55, 204 13, 109 8, 465 Table 7 indicates that empty weight of the 
Gepltral régions, subtotal..2.2 2 etect eal es eee eee rene oe 264 358, 224 66, 092 39, 451 average truck in 1946 declined 4 percent below 
Mountain: that of the previous year. Comparing 1946 

ArigOnas: oe Sek ee ee eee May 7-June 7_____-_-_-- 10 7, 439 1, 336 594 i i 

Woloraio, aoe el eae uly Gu ee 10 20 564 3° 501 ae figures with those of 1943, an increase of 2 

Pdaho-———.---------n-ne2-2--2nnnsnnees AUB. 52d no 12 11, 198 1, 996 1, 280 percent is evident for the average of all 
ONTANR ese. woe oa eee y 31- A ey aS ) iati 

Nevada -_- ARCS ay IT 14-7 Ye Tuly 30-Aug is uh a ee oer aoe empty trucks. These variations correspond 

New Moexiggu. tes cos wo notte wly20- Aue 4ee ee 10 8, 979 1, 888 1, 304 , for | hi i 

ip RR aE ERA i RR | SE Tuly 2 Auge cee. © 10 11 934 2318 re roughly to those shown for loaded ve icles. 

WYOMING tes en eee we AVI. 6-1 Oise ee. es 10 7, 270 789 745 

Subtotal: ne 7 00 Sto). oie ee Ae ee eae le STE 91 86, 484 "15,285 8, 459 VEHICLE-MILES AND TON-MILEAGE 

Pacific: ial A OF FREIGHT HAULED 
elas Bede at aeaat Soa ne eee alay ao aty BBA was 4-4 20 64, 487 10, 465 3, 738 
Be aeRO RS ECE aoe IS Arp 12-80 tg deta ree es, 9 16, 790 2,755 1, 102 i i - 
Washington 2 he ne eS ee So) ee Sy ee ee eS ee & 10 16, 735 G) 182 1, 679 A ee ae by Ngucee Sort Ts of the coe 
ee Beil ss ee md mated vehicle-miles of travel on all main rural 
DUPPOLAL.. Saleen. 2k. ee ees i 
ay re aR pase UR Pee leleaee nal? roads in 1941, 1943, 1945, and 1946 is shown 
Wiestarnurerions, Subtotals. >) aes Meee fo en 130 184, 496 30, 687 14, 978 in table 8. Vehicle-miles of all vehicles on 
United States totals eee ee ee ee 541 868, 095 158, 771 78, 623 main rural roads in 1946 rose sharply in all 











sections of the country with travel throughout 
the United States 45 percent over 1945. Truck 


tables. Trucks and truck combinations num- 
bered 158,771, or 18.3 percent of the total 
counted. Of these 78,623, or 49.5 percent, 
were stopped and weighed. 

Wherever traffic volume permitted, all 
civilian trucks and combinations were stopped 
and weighed, but where this procedure was 
impracticable, a sample was obtained by 


44 


weighing at random as many as possible of 
those which passed the station. Passenger 
cars and busses were counted but not stopped 
for weighing purposes. The heavier vehicles, 
or the single-unit trucks weighing 13 tons or 
more and combinations weighing 17 tons or 
more, when stopped, were measured as well 
as weighed. The type of vehicle, whether it 


travel showed an over-all rise of 29 percent 
and increased in all regions except the Pacific 
States where single-unit truck travel declined 
to 88 percent of the previous year’s figure. 
With the rise in passenger-car travel in the 
first full postwar year, the proportion of truck 
travel to that of all vehicles generally de- 
creased, in contrast to 1945. In relation to 
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Table 5.—Ratio of 1946 summer counts to corresponding counts in 1945 














Eastern regions Central regions Western regions 


United 
Vehicle type inet : East East West West St 
ew Middle South Moun- : States 
. ., | Average | North South North South | Average ; Pacifie | Average | average 
England | Atlantic | Atlantic Central | Central | Central | Central tain r 4 





ALL civilian “voniclosa ee 2s) soe see 1. 46 1. 45 1.45 1.45 1. 48 LESL 1.47 1. 48 1, 45 1. 46 1. 42 1. 44 1.45 
Passenger cars: 
Al eg Sita ee te att aa syle eet 1. 52 1. 51 1.49 1. 50 1753 1. 29 1. 50 1.53 1.49 1. 47 1. 58 1. 55 51 
AWN ESS? OR Cl ae ee ee oe 1. 38 1. 43 1. 36 1.39 1. 40 1. 20 1. 29 1. 57 1.39 1.05 1. 56 1. 42 39 
Joya 2) fg Rea Oe oe TENS On ea gS cies | 1. 96 2. 06 1.95 1. 98 2.18 1. 60 2. 56 1.34 1. 96 2. 37 1.72 2. 07 98 
Trucks and combinations: 
Sarre a ee er ee eee 1. 24 1, 27 1. 38 Los 1.25 1. 41 1.36 
single Units ess eee es Ae 1. 25 1. 29 1. 43 1E35 1.32 1. 42 1. 36 
AEOTIDINAGOUS§ sere) naar 5 ot ie ey 1. 1. 22 1a2% 1. 24 1p Pe 1.38 1,37 
SE eee ae eee hn Be eee 1. . 97 a f i 1.14 





Trucks and truck combinations Busses 


Single units Combinations 


Eastern regions: 
New England 
Middle Atlantic 
South Atlantic 





Average 








Central regions: 
East North Central 
East South Central 
West North Central 
West South Central 





Average 














Western regions: 


Pacific 





Average 

















United States average 


Table 7.—Average weights of loaded and of empty trucks and truck combinations in the summers of 1946, 1945, and 1943 


\ 


AVERAGE WEIGHTS OF LOADED TRUCKS 


All trucks and combinations Single-unit trucks Combinations 





Region 1946: | 1946: 


1946: 
1946 1945 1943 1943 


1946: | 1946: 
1946 1945 1943 1945 | 1943 1946 1945 1943 





Eastern regions: Pounds Pounds | Pounds | Pounds ; Pounds 
New England 18, 165 ; ; 12,317 | 12,486 | 12,678 I 36, 864 
Middle Atlantic 21, 028 fi ‘ 13, 318 14, 140 13, 370 é 36, 954 
South Atlantic 17, 843 H iy 10, 991 11, 368 1}, 122 7 33, 079 31, 402 








Average 19, 040 ‘ : : 12,092 | 12,583} 12,121 5 4 34,781 | 33, 000 

















Central regions: 
East North Central 24, 283 4 F 13, 043 13, 511 12, 611 . fg 7 34, 449 33, 313 
East South Central 15, 684 - Fi 10, 784 11, 556 10, 576 f : 29, 410 25, 825 
West North Central 16, 779 : é 10, 282 10, 386 10, 383 4 - 33, 252 29, 524 
West South Central f F 9, 558 8, 794 8, 297 : ; 28, 250 | 27, 608 

















Average 17, 301 ; - 11, 061 11, 104 10, 591 : : 32, 389 | 30, 497 











Western regions: 
Mountain o 16, 073 Fi 10, 759 10, 460 9, 974 x F 39, 082 39, 647 
Pacific ‘ 21, 551 : ; 12,714 | 13,292] 11,388] . : 46,821 | 45, 061 


1.17] 11,980 | 12,483 |} 10,770 : : 45,693 | 43,345 








Average 19, 293 
es 














United States average 17, 918 . 99 1.08 11,580 | 11,890 | 11,137 4 4 36,409 | 33,879 
AVERAGE WEIGHTS OF EMPTY TRUCKS 














Eastern regions: } 
New England 8, 413 9, 324 8, 494 0. 90 0.99 6, 811 7, 872 7, 016 iy 17, 669 
Middle Atlantic 9, 939 10, 197 8, 659 .97 1 pis} 7, 786 7, 890 6, 795 ¥ , 16, 675 
South Atlantic 7,236 | 7, 383 8, 384 . 98 . 86 5, 498 5, 603 5, 903 3 p 15, 004 


Average 8, 316 8, 746 8, 493 4 98 6, 444 6, 823 6, 365 : ; 15, 788 























Central regions: 
East North Central 9, 426 10, 042 9, 104 : ; 6, 623 7, 599 6, 794 4 é 16, 812 
East South Central 5, 499 7, 022 6, 501 fs 5, 456 5, 832 5, 493 ‘ : 12, 384 
West North Central 8, 079 7, 789 7, 404 . 5, 837 5, 789 5, 587 5 F 14, 802 
West South Central 7, 195 7, 062 6, 286 A 5, 341 5, 201 4, 752 . 12, 956 


Average 7HL730\ WS, OGD) |e ei7, 50451 0 5,780 | 6,078 | 5,740] . ; 15, 108 














Western regions: 
6, 653 6, 544 i ; 5, 322 5, 162 4, 923 ; 19, 855 
8, 128 6, 155 .99 ; 19, 326 


6,304| 5,616] .96] 1. 19, 494 
6,441 | 5,932| .95] 1. 7, 15, 864 
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Table 8.—Comparison of estimated 1946 vehicle-miles of travel on main rural roads with 
corresponding figures for 1941, 1943, and 1945 


All trucks and com- 























Single-unit trucks Truck combinations 


























binations 
, Per- Per- 
Region and year ON ae Per- centage centage 
epee Vehicle- | fade? Vehicle- eek Vehicle- 
ya = miles wen miles tnd miles 
hicles combi- combi- 
nations nations 
Eastern regions: 
New England: Thousands Thousands Thousands Thousands 
LOST Sota, ce Serer ce ere 6, 663, 830 14.7 980, 695 90. 5 887, 783 9.5 92, 912 
nL tY Ge as ea eee 2, 961, 043 21.8 645, 154 82.3 531, 100 17.7 114, 054 
1945 PS Wee Se See & 3, 928, 601 19.6 769, 497 81.0 623, 565 19.0 145, 932 
1046 Set ad 5, 713, 086 16.7 953, 902 82.1 783, 031 17.9 170, 871 
TO4BPN045, ee eee 1.45 85 1, 24 1.01 1, 26 . 94 a ef 
Middle Atlantic: 
LY i at) pli me ay See 17, 108, 107 20. 2 3, 447, 631 81.0 2, 793, 416 19.0 654, 215 
1O49 Wes tS ney Speer sf aes 8, 355, 926 24.9 2, 078, 950 73.9 1, 536, 083 26. 1 542, 867 
NOSE Seek > ewes eee 10, 725, 475 21.8 2, 337, 486 74. 2 1, 735, 098 25.8 602, 388 
TKTEY ie US sail aes = 5 see 15, 532, 600 19.1 2, 968, 335 75.3 2, 234, 986 24.7 733, 349 
P1946?.1045 5." ah Se aaa 1.45 . 88 1527 1.01 1. 29 . 96 1, 22 
South Atlantic: 
(1% 1 eine ene ae? “Teme 18, 612, 782 PAL) 4, 315, 146 77.8 3, 357, 800 22,2 957, 346 
1040s. - ES een ee 10, 365, 819 28. 4 2, 946, 837 69. 2 2, 038, 327 30.8 908, 510 
i ae SS eS eS 12, 835, 292 23. 4 3, 007, 162 70. 6 2, 121, 565 29.4 885, 597 
LE ees Ee at eat 18, 439, 919 22.5 4, 149, 173 72.9 3, 025, 426 27.1 1, 123, 747 
1946" 1045t es 2 ee. 1. 44 . 96 1, 38 1.03 1. 43 . 92 Ey, 
Subtotal: 
1 Q4 3S ae b= iol ee PES 42, 384, 719 20.6 8, 743, 472 80. 5 7, 038, 999 19.5 1, 704, 473 
1043 Wee ot 2 Ne =---| 21, 682, 788 26. 2 5, 670, 941 72.4 4, 105, 510 S756 1, 565, 431 
1045 Senet. Sea ee 27, 489, 368 2252 6, 114, 145 73.3 4, 480, 228 26. 7 1, 633, 917 
OSG en ee ae ee 39, 685, 605 20.3 8, 071, 410 74.9 |, 6,048, 443 25.1 2, 027, 967 
1046: 1945. 25 eee 1.44 91 1,82 1.02 1,35 . 94 1, 24 
Central regions: 
East North Central: 4 
N04 Set cen a 24, 192, 260 17.8 4, 305, 309 .| 68.0 2, 926, 163 32.0 1, 379, 146 
1943. 26 5 eek eee 13, 681, 965 20. 8 2, 839, 057 64. 0 1, 817, 123 36.0 1, 021, 934 
1945524. 4 ot A ols) 16, 018, 709 18. 4 2, 940, 681 62.9 1, 848, 320 37.1 1, 092, 361 
10462. wit ee ee ee 23, 563, 034 15.6 3, 664, 837 66. 7 2, 444, 116 33.3 1, 220, 721 
1946: 1945. . ees Bie 1.47 . 85 1, 25 1. 06 1. 32 . 90 1.12 
East South Central: 
1047 Sh ee ee 7, 538,991 | 21.7 1, 632,240 | 90.0 1, 469,033 | 10.0 162, 207 
4,771,709 | 21.4 1, 023,092 | 82.0 835, 937 | 18.0 187, 155 
5, 423, 111 20.9 1, 134, 490 82.7 938, 635 17.3 195, 855 
7,470,206 | 21.5 1, 602,875 | 83.1 1, 332,105 | 16.9 270, 770 
1.38 1.03 1.41 1.00 1.42 . 98 1.38 
194] (20s: ee ee 15, 260,119 | 20.8 3,172,121 | 80.8 2, 563,019 | 19.2 609, 102 
1943 s2452t sy SEN Eee 9, 201, 549 26.0 2, 392, 452 78.4 1, 876, 302 21.6 516, 150 
1046: ee ee ee 10, 180,874 | 23.3 2, 367,392 | 78.3 1, 853, 832 | 21.7 513, 560 
1946 ° 4) eee 14, 971,991 | 21.5 3, 216,942 | 78.2 2, 514, 597 | 21.8 702, 345 
1946:'1045 = tee * eee 1.47 . 92 1.36 1.00 1.36 1.00 3 
West South Central 
1941 32) 3243 + eee 13, 745,126 | 21.8 2,994,305 | 78.9 2, 362,360 | 21.1 631, 945 
1943 er foot ee ee 8, 997, 058 29.2 2, 625, 956 74.1 1, 946, 830 25.9 679, 126 
er ee eo 10, 724,349 | 24.1 2, 583,820 | 74.1 1,914,077 | 25.9 669, 743 
1946 eee Lo ee ee 15, 721, 893 | 22.8 3, 591,054 | 75.9 2,724,193 | 24.1 866, 861 
1946194522... » See 1.47 EUO 1.39 1.02 1.42 . 93 1,29 
Subtotal: 
1041 eS eee 60, 731,496 | 19.9 12, 103,975 | 77.0 9, 320,575 | 23.0 2, 783, 400 
1043.0 et aeceS, <, Sea S 36, 652, 281 | 24.2 8, 880, 557 | 72.9 6, 476,192 | 27.1 2, 404, 365 
L452 Soe ee: 5 eee 42, 347,043 | 21.3 9, 026, 383 | 72.6 6, 554, 864 | 27.4 2, 471, 519 
1946. She 2 Le ee 61, 727,124 | 19.6 12,075, 708 | 74.7 9,015,011 | 25.3 3, 060, 697 
1946: 194585 35>. Se 1. 46 . 92 1.34 1.03 1.38 . 92 1, 24 
Western regions: 
Mountain: 
1941 6, 741, 489 | 19.5 1,316, 246 | 88.0 1,158,270 | 12.0 157, 976 
1943 4,315, 357. | 24.'8 1, 069, 674 | 85.3 912,433 | 14.7 157, 241 
1945___. 5,194,915 | 21.5 1,118,716 | 83.3 931,905 | 16.7 186, 811 
1946 7, 476, 867 | 21.9 1, 639, 583 | 82.0 1, 343, 755 | 18.0 295, 828 
1946: 1945 1.44 1.02 1,47 . 98 1.44 1.08 1. 58 
Pacific: 
1041. eer eee eee 12, 647,141 | 16.0 2,021,200 | 76.1 1, 588, 563 | 23.9 482, 637 
1043 1 3s ee. Fee 8, 373, 365 20.8 1, 738, 241 67.8 1, 178, 086 32.2 560, 165 
1945. teen i tee 10, 761,149 | 24.6 2, 647,932 | 61.7 1, 634, 744 | 38.3 1, 013, 188 
1946 2 ee Se ae 15, 259,494 | 16.8 2, 559,106 | 56.1 1, 435, 685 | 43.9 1, 123, 421 
1946 21046: toe DE Re 1, 42 . 68 .97 91 . 88 1.15 1.11 
Subtotal: 
LOS eee 19, 388, 630 | 17.2 3, 337,446 | 80.8 2, 696, 833 | 19.2 640, 613 
UE eS Se een ek Le 12, 688,722 | 22.1 2,807,925 | 74.5 2,090, 519 | 25.5 | 5 717,406 
1945 2.0 Soo5 ce tite 15, 956,064 | 23.6 3, 766, 648 | 68.1 2, 566, 649 | 31.9 1, 199, 999 
bre AV eerie. 22, 736,361 | 18.5 4, 198, 689 ue? 2,779,440 | 33.9 1, 419, 249 
USOT LUS0 clack oe wees 1. 42 . 1.11 - 5 6 ‘ 
United States total: 2 Z is eae res 
1h 9 Len eee OR SE gece eed 122, 504,845 | 19.7 24, 184,893 | 78.8 19, 056,407 | 21.2 5, 128, 486 
ChE Eade RSS Xa te. 71, 023,791 | 24.4 17, 359,423 | 73.0 12, 672, 221. | 27.0 4, 687, 202 
es es See 85, 792,475 | 22.0 18, 907,176 | 71.9 13, 601, 741 | 28.1 5, 305, 435 
ee en eee Pee 124, 149,090 | 19.6 24, 345, 807 | 73.3 17, 837, 894 | 26.7 6, 507, 913 
1046; 1045 ese e 1.45 . 89 1.29 1.02 1.31 .95 1.23 


1941, the last prewar year, all-vehicle travel 
on main rural roads showed a gain of 1 percent 
in 1946, and although single-unit-truck travel 
in 1946 was only 94 percent of that in 1941, 
travel of truck combinations was 27 percent 
above the 1941 figure, evidencing a sharp rise 
in the use of heavier commercial vehicles. 
This trend was apparent during the war years 
when the proportion of truck travel performed 
by truck combinations remained consistently 
higher than in prewar years. 
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Table 9 shows the estimated percentage of 
trucks and truck combinations loaded the, 
average carried load, and the ton-miles car- 
ried on main rural roads in 1941, 1943, 1945, 
and 1946. For the country as a whole in 1946, 
the ton-mileage of all trucks and combinations 
increased 21 percent above the previous year, 
the average weight of the carried load remained 
the same, while the percentage of trucks loaded 
dropped from 55.1 percent to 51.7 percent. 
Ton-mileage of both single-unit trucks and 


truck combinations increased in all census re- 
gions in 1946 except the Pacific States, where 
single-unit ton-mileage was 77 percent of that 
of 1945. The mountain region showed the 
greatest rise in ton-mileage in comparison to 
1945, it being 40 percent for single-unit trucks 
and 50 percent for combinations. While the 
use of heavier vehicles has increased since 1941, 
as mentioned above, the average carried load 
has increased 18 percent, and the ton-mileage 
hauled, 38 percent. 


MAXIMUM AXLE AND GROSS LOADS 


Table 10 shows the average of the maximum 
axle loads of the loaded vehicles weighed 
during the summer survey in 1946 and during 
those of previous years. Axle loads have 
remained approximately the same during the 
current year as in the prior war years; however, 
in comparison to prewar years, average maxi- 
mum axle loads in 1946 for both truck classi- 
fications shown are substantially heavier. 
Since the prewar period, the average maximum 
axle load for the entire United States has 
increased 31 percent. 

Paralleling the increase in the average max- 
imum axle load, the frequency of heavier 
axle loads is on the whole five times greater 
than in the prewar period when the original 
survey was made (1936-40). This is demon- 
strated in the left half of table 11 which shows 
the number of axle loads of 18,000, 20,000, and 
22,000 pounds or more per 1,000 trucks and 
combinations counted in summer surveys of 
1946, 1945, 1943, and the original prewar 
survey. In each category shown, the highest 
frequency of heavy axle loads was found in 
the Middle Atlantic States. Heavy axle loads 
of 20,000 pounds and more are generally more 
frequent in that area and the New England 
States, where higher maximum axle loads are 
permitted by law, than in other sections of 
the country. 

The frequency of heavy vehicles is shown 
in the right half of table 11. Here it is 
apparent again that heavier vehicles have 
come into increasingly wider use throughout 
the war period and are now far more common 
than in the prewar period. Although in 
1946 an over-all slight drop from 1945 is 
found in gross weights exceeding 30,000 
pounds, frequencies in the categories 40,000 
pounds and over and 50,000 pounds and over 
have risen slightly in this same period. In 
the two heaviest of the three weight classes 
shown, the Pacific States, having liberal 
maximum gross weight restrictions, lead all 
other regions. 


FREQUENCY OF HEAVY LOAD 
CONCENTRATIONS 


In order that the effect of heavy axle loads 
and heavy total loads may be considered in 
relation to longitudinal distribution, loads 
and axle spacings have often been combined 
by the use of a so-called gross load formula, 
W=C(L+40), in which W is the total weight 
of the vehicle in pounds, or the weight of 
an interior group of axles, and L is the dis- 
tance in feet between the first and last axle 


of the vehicle, or of any interior group of 
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Table 9.—Comparison of the estimated percentage of trucks and truck combinations loaded, average carried load, and ton-miles 
carried on main rural roads, with corresponding figures for 1941, 1943, and 1945 


eee 


Single-unit trucks 


Region and year 


| = = 


Eastern regions: 
Shad Pe be 


Central regions: 
East North Central: 


West North Central: 


IME ALS 2 sj Seen alee Sele et ae eet ares ie 








Subtotal: 


Western regions: 
Mountain: 


Subtotal: 


_ 
=) 
~ 
or 





axles. C is a measure of load concentration 
and it is generally thought that a value of C 
greater than 750 is excessive. 

The frequency of trucks and combinations 
with various values of C in 1946, 1945, and 
1943 are shown in table 12 by census regions. 
Heavy load concentrations occur most often 
in the Pacific States, with the Middle Atlantic 
and East North Central States also having a 
high frequency. There has been a steady 
upward trend in this frequency throughout 
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All trucks and combinations 





Carried load 




















the country during the war years, although 
in comparing 1946 to the previous year, a 
slight over-all decline in heavy load con- 
centrations is evident. 

The American Association of State Highway 
Officials now recommends,? in lieu of a for- 





2 Policy concerning maximum dimensions, weights and speeds 
of motor vehicles to be operated over the highways of the United 
States, adopted April 1, 1946, by the American Association 
of State Highway Officials; published by the association, 
1946. 





Truck combinations 


Carried load Carried load 








mula for the limitation of 


Percent- Percent- Percent- i ee 
loaded | Ave prea bk Ba 
verage 3 ; 7 - 
weight Ton-miles loaded maight Ton-miles loaded Sane Ton-miles 
Tons Thousands Tons Thousands Tons Thousands 
72.9 2.79 1, 993, 120 72.7 2, 22 1, 435, 923 74.3 8.06 557, 197 
56.3 3.89 1, 378, 333 52.8 2.34 655, 257 72.5 8.75 723, 076 
53.8 3. 92 1, 623, 664 50. 9 2. 27 721, 397 66. 4 9. 31 902, 267 
52.4 3.99 1, 995, 842 48. 2 2. 24 844, 357 57. 2 9. 40 1, 151, 485 
-97 1.02 1, 23 . 95 . 99 Bales . 86 1.01 1, 28 
70.3 3. 41 8, 267, 429 69.9 2.14 4,175, 576 72.1 8. 67 4, 091, 853 
57.4 4.16 4, 963, 933 54,5 2. 24 1, 879, 681 65. 4 8. 69 3, 084, 252 
54.6 4.30 5, 487, 126 51.9 2.36 2, 129, 030 62.3 8.95 3, 358, 096 
57.7 4.10 7, 023, 600 55.8 2.18 2, 719, 736 63. 4 9, 25 4, 208, 864 
1.06 95 1, 28 1.08 - 92 1. 28 1,02 1.03 1, 28 
65. 6 3. 88 10, 982, 765 64.6 2.61 5, 663, 491 69. 0 8.05 5, 319, 274 
56.8 4.76 7, 970, 164 53.5 2. 63 2, 874, 032 64. 1 8.75 5, 096, 132 
57.4 4. 84 8, 350, 393 53. 2 2. 48 2, 803, 119 67.5 9, 28 5, 547, 274 
53. 5 4.79 10, 637, 066 48.4 2. 38 3, 494, 145 67.0 9. 48 7, 142, 921 
- 93 - 99 1, 27 - 91 - 96 1, 25 99 1,02 1, 29 
68, 2 3. 56 21, 243, 314 67.7 2.37 11, 274, 990 70. 5 8. 30 9, 968, 324 
56.9 4, 43 14, 312, 430 53. 8 2.45 5, 408, 970 65.1 8.73 8, 903, 460 
55. 9 4, 53 15, 461, 183 52.4 2. 41 5, 653, 546 65. 4 9.17 9, 807, 637 
54.9 4.44 19, 656, 508 51.1 2. 29 7, 058, 238 66. 1 9. 39 12, 598, 270 
- 98 98 1, 27 . 98 95 1, 25 1.01 1.02 1, 28 
br Ser 68. 7 4.05 11, 961, 648 66. 0 2. 10 4, 064, 158 74.3 7.71 7, 897, 490 
ig to 62.3 4.74 8, 381, 988 54.3 2.18 2, 148, 969 76.5 7. 98 6, 233, 019 
Sas ap CO ae 58.7 5.15 8, 897, 279 49. 4 2. 38 2, 176, 246 74.4 8. 27 6, 721, 033 
aa 57. 2 4,81 10, 081, 218 50. 5 2.17 2, 685, 088 70. 6 8. 59 7, 396, 130 
Soe bee 97 . 93 1.13 1.02 91 1, 23 - 95 1.04 1.10 
ee oe Ae 64.8 3.13 3, 303, 537 64.1 2.70 2, 546, 285 70.5 6. 58 757, 252 
oe aye ee 52.1 3.95 2, 107, 176 48.2 2.75 1, 108, 101 69.9 7. 64 999, 075 
an eee 47.0 4.01 2, 136, 854 43.4 Dike 1, 108, 602 63.8 8. 23 1, 028, 252 
Sone Bee 42.7 4.04 2, 761, 538 38. 6 2. 54 1, 304, 071 62. 6 8. 60 1, 457, 467 
SERA Se are SOT 1.01 1.29 . 89 . 93 1.18 -98 1.04 1, 42 
at AR ae 67.0 3. 23 6, 872, 720 66.3 2.09 3, 549, 465 70.1 7.79 3, 323, 255 
aI AE 63.3 3.30 4, 994, 660 63. 2 2. 06 2, 448, 202 63. 6 7. 76 2, 546, 458 
= me  sk 58.8 3.67 5, 111, 866 55.8 1.98 2, 053, 160 69.5 8.57 3, 058, 706 
ae ein 55.1 Bare. 6, 585, 211 52.2 1.97 2, 582, 219 65. 2 8.74 4, 002, 992 
Ae eee 94 1.01 1.29 .94 . 99 1. 26 94 1. 02 1,31 
5 60. 6 2.99 5, 427, 182 59. 6 2. 23 3, 144, 368 64.5 5. 60 2, 282, 814 
ee 48.7 3. 64 4, 645, 246 42.6 Pave 1, 800, 724 66. 2 6. 33 2, 844, 522 
ee 42.6 3. 79 4, 165, 546 37.1 2. 54 1, 808, 167 58. 2 6.05 2,357, 379 
ag SERS 36. 6 4.16 5, 461, 533 31.3 2. 65 2, 264, 895 53. 2 6.93 3, 196, 638 
ates . 86 1.10 1.31 . 84 1.04 1. 25 -91 1.15 1.36 
cies, ees 65. 7 3.47 27, 565, 087 64. 2 Quine 13, 304, 276 70.9 7. 23 14, 260, 811 
a3 Soeeen ee 57.4 3.95 20, 129, 070 52.6 22h 7, 505, 996 70.3 7.47 12, 623, 074 
Se Se 52.6 4.48 20, 311, 545 46.8 2. 33 7, 146, 175 68.1 7. 82 13, 165, 370 
pei foe 48.6 4, 24 24, 889, 500 43.4 2. 26 8, 836, 273 63. 7 8. 23 +16, 053, 227 
pee Sh .92 95 1. 23 . 93 .97 1. 24 -94 "1.05 1, 22 
PF pans I oe 62. 6 3. 39 2, 795, 644 61.6 2. 46 1, 755, 379 69. 7 9. 45 1, 040, 265 
ee eS 49.3 3.95 2, 083, 902 46.3 2. 39 1, 010, 816 66. 7 10. 23 1, 073, 886 
5. ee ae 45.8 4.63 2, 374, 966 41.5 2. 51 950, 677 71.5 10. 66 1, 424, 289 
Se en 43.3 4. 88 3, 463, 639 38.1 2. 59 1, 327, 577 66.8 10. 81 2, 136, 062 
Pe 4 ENS .95 1.05 1. 46 . 92 1.03 1.40 - 93 1.01 1. 50 
eee 68.8 5.13 7, 132, 737 65. 2 2.14 2, 151, 962 80. 4 12. 84 4, 980, 775 
ae) PENS 66. 7 6. 34 7, 350, 878 62.3 2. 24 1, 644, 753 75.8 13. 44 5, 706, 125 
ee SS 65. 4 7.05 12, 216, 924 58.1 2. 57 2, 435, 956 Visio 12. 49 9, 780, 968 
oS aes 62.0 8.12 12, 882, 143 53.3 2.45 1, 878, 801 73.1 13. 40 11, 003, 342 
ps tee .95 1.15 1.05 . 92 95 hds . 95 1.07 1,12 
ee ee 66. 4 4.48 9, 928, 381 63. 7 2.20 3, 907, 341 hd 12. 09 6, 021, 040 
eet 60. 0 5. 60 9, 434, 780 55.3 2. 30 2, 655, 569 73.8 12. 80 6, 779, 211 
ee a 59. 6 6. 50 14, 591, 890 51.8 2. 55 3, 386, 633 76.4 12. 22 11, 205, 257 
eee oe 54.7 7.12 16, 345, 782 46.0 2. 51 3, 206, 378 71.8 12. 90 13, 139, 404 
a ee . 92 1.10 L12 . 89 -98 -95 94 1, 06 Die 
BB sieasst 66. 7 3. 64 58, 736, 782 65. 4 2. 29 28, 486, 607 71.6 8. 23 30, 250, 175 
pee ees ae 57.7 4, 38 43, 876, 280 53. 4 2.30 15, 570, 535 69.1 8.74 28, 305, 745 
2 Ae ae 55.1 4. 84 50, 364, 618 49.6 2. 40 16, 186, 354 69. 2 9.31 34, 178, 264 
Be ot Bie 51.7 4.84 60, 891, 790 46.4 2.31 19, 100, 889 66. 2 9.70 41, 790, 901 
$e BE 94 1.00 ile OU 94 . 96 1.18 - 96 1.04 Ve22 





motor-vehicle 


weights, the use of a table of permissible 
weights based on the distance between the 
extremes of any group of axles. Table 138 
shows data in relation to this and indicates, 
as does table 12, that overloading is most 
prevalent in the Pacific and Middle Atlantic 
regions, although in using this method of 
computing overloads there appears to be little 
variation among the years shown for the 
United States as a whole. 
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‘Table 10.—Average maximum axle load of loaded trucks in the summer of 1946 and in corresponding periods of 1945 and 1943 and in 
the prewar period between 1936 and 1941 





All trucks and combinations 


Single-unit trucks 


1946 1945 


Pounds Pounds 





1943 


Truck combinations 


Prewar 1946 1945 1943 Prewar 


— | -_—————q— |q— \q— 


Pounds Pounds Pounds Pounds Pounds Pounds 


Region 
1946 1945 1943 Prewar 
Pounds Pounds Pounds Pounds 
New ENgland 235 eee bo. sete ee ote 9, 611 10, 005 9, 643 7, 647 
Middie.-A tisnticcosee berets pees ae 11, 054 11, 584 10, 440 7, 858 
Sovth AClantioss ess ee ee eee 9, 698 9, 950 9, 482 8, 488 
FastaN orth Centralas 2 ae ee 11, 047 11, 678 10, 915 8, 290 
KastSonth Centrale-t2 e272 4 Se 8, 982 9, 024 8, 431 7, 215 
‘West ‘North Centrales:2 = > sss ae 9, 228 9, 300 9, 060 7, 593 
‘West’ South Centraligss 2 ee Se ae 8, 452 7, 673 7, 583 5, 868 
WiountSsIn= 2" 2 2 ee Ek Se ee ee 9, 035 8, 858 8, 313 6, 051 
Paciicte s 2 phe oe ee 10, 093 9, 995 9, 346 7, 094 
United States average.___-.....---_- 9, 881 10, 017 9, 411 7, 552 


7, 688 7, 990 
8, 924 9, 346 
7, 161 7, 632 
8, 273 8, 595 
7, 384 8, 003 
Paty) 7, 212 
6, 455 5, 834 
7, 109 7, 110 
8, 213 8, 497 
7, 645 7, 869 


8, 068 6, 985 16, 031 16, 621 14, 966 13, 951 
8, 725 6, 779 16, 979 16, 768 16, 135 13, 551 
7, 229 7, 589 15, 095 15, 403 14, 612 11, 831 
8, 335 6, 806 14, 949 14, 797 14, 466 12, 090 
7, 366 6, 962 14, 306 14, 157 12, 036 8, 899 
7, 391 6, 565 14, 585 14, 633 13, 488 11, 594 
5, 344 5, 134 12, 959 12, 993 12, 247 8, 391 
6, 990 5, 444 14, 669 14, 118 14, 176 11, 284 
7, 653 5, 967 14, 097 13, 504 13, 444 11, 176 
7, 432 6, 566 14, 722 14, 615 14, 072 11, 449 





Table 11.—Number of heavy axle loads and heavy gross weights per 1,000 loaded and empty trucks and combinations in the summers 
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of 1946, 1945, 1943, and in the prewar period between 1936 and 1941 


Number of heavy axle loads per 1,000 loaded and empty trucks 


and combinations of— 





Region 18,000 pounds or more 








Pre- 

1946 | 1945 | 1943 ah 

New England... >) ose See eee 88 | 109} 73 | 48 
Middle Atlantic__-____- 151 | 149 | 128 | 40 
South Atlantic______- 80 | 78} 50 7 
East North Central 93 | 74] 62 14 
East South Central 39 | 30 7 1 
West North Central 49 | 41 32 5 
West South Central 13 200 2S 4 
MouD ta insu. 255 Se ee ee on eee See aoe 46 | 44 33 5 
Paciiickest =< sees fe es eee 42 | 47 18 3 
United States average.-.____..__________- 68 | 67) 49] 18 





i Less than 5 per 10,000. 

















1946 


1945 | 1943 | Pre- 





20,000 pounds or more 





1946 | 1945 | 1943 | Pre 


Number of gross weights per 1,000 loaded and empty trucks and 


combinations of— 





22,000 pounds or more}30,000 pounds or more}/40,000 pounds or more} 50,000 pounds or more 


1946 | 1945 | 1943 | P?e-| 1946 | 1945 | 1943 | P™@- | 1946 | 1945 | 1943| Pte 














war war war 








113 | 107| 58| 53] 50] 40] 15] 9] 10] 4] 1 
163 | 159 | 62| 80] 77| 59] 17| 25] 18] 17] 3 
133 | 120 | .32| 44] 43| 24] 3|.6| 21 @1 @ 
233 | 199 | 65} 80] 72] 48] 13] 36| 28| 16| 5 
87 (6 50 f 7 141 | 19 | B14 = a ee 
114| 105] 34] 45] 33) 35] 2] 14] 11} 3] Q) 
73.1631 8 |. 18/9205) 121 1 he 6, scanne) 
98 | 83/20] 53] 54] 46] 7| 31] 28] 28| 3 
186 | 165 | 97 | 133 | 116 | 119] 47 | 104] 86| 89] 24 





war war 
62} 45| 21] 21| 29] 14] 8] 118 
75| 75) 18] 42] 33] 28| 71] 149 
96) eS 21 10 oF | 2a Gl 425 
16-150) | OSB \aw PRAMS 2 04 
15 )01) OA Cele 8 | Oey 21 
8) 24s LG) 3 oo Bele tal Chal 19 
i edo De Mae ba Bags Bas |e he Bars 
LDS 8 | Bele SHS Wont 82k Oe 
TSM IS 1 |. SA Bi | HL Ce | 98 
231.17 | 51-10) 9| 6] 2 | 132 





144 | 125] 43) 60} 58] 41) 11] 26] 23] 15 3 











Table 12.—Number of trucks with values of C in the gross weight formula in excess of 


various values, per 1,000 loaded and empty trucks and combinations in the summers 
of 1946, 1945, and 1943 














Number of trucks and combinations with values of C— 

















Over 850 Over 900 











Region Over 650 Over 700 Over 750 Over 800 
1946] 1945/1943] 1946) 1945/1943] 1946] 1945] 1943] 1946/1945] 1943/ 1946/1945] 1943|1946/1945) 1943 

New England. 2222 es aac 39) se: |rdonle22 18914) at 9 7 6 4 3 1 2 1 1 a (1) 
Middle Atlantic Pe eae ae Anis, 69 | 56 | 36 | 46 | 33 | 30 | 33 | 18 | 14 |} 19 OnetOM 1d 5 6 6 2 3 
PouUrnA Tlantic 22. eo = eee 165)520) [LOM 7a 9 8 5904 (ets) fame 2 Fa fs ot hak DN Pak LPP). GE 1 0 
East North Central_____..-_-___- 52 | 48 | 36) 40 | 37 | 21 | Sl | 28 | 15 | 24} 22 So eels 6 9 8 5 
East South Central_._.._______- 6.) 5: | SR 2 SE) ail RG 00 Pela 0) Oe) 0 
West NorthiGentrall=-) eo. = 32 | 21 ei 18:3 oueLL 8 1 5 3} 3 2] (Q) 2 1 (4) 
West South OGentrals. 222s 8 9 8 5 3 4 5 1 2 4 1 1 2/1 () 1 1] () 1 
Mountain eye eee 6 4 48 | 45 | 54 | 33 | 34 | 33 | 24 | 22 | 26 | 15 | 16} 21 Oe) ee 7, 5 6 15 
Packie sets Le ee ee 126 |135 |131 |107 |112 {111 | 81 | 89 | 88 | 46 | 59 | 60 | 15 | 22] 31 3 8 17 

United States average_______ 43 | 45 | 31 | 31 | 33 | 18 | 22 | 24 | 15 | 14 | 17 9 7 8 6 4 4 4 














! Less than 5 per 10,000. 


Table 13.—Number of trucks and combinations per 1,000 loaded and empty vehicles that 
exceeded the permissible motor-vehicle loads recommended by the A. A. S. H. O., 
and various percentages of overload, in the summers of 1946, 1945, and 1943 











Number of trucks and combinations, with overload 

















: Total over- | Over 5 per- | Over 10 per- | Over 20 per- 
Region loaded cent cent cent 
1946) 1945/1943] 1946) 1945/1943) 1946) 1945] 1943) 1946/1945) 1943 
Newline lan Glaeser 17 p13) 8 810° Gala oreo, deohes 1 1 1 
Middle Atlantic. === 35:°| 274) 23: | 26.1519 1°15))-189|43"| 101726) 4 
SouthvAtiontit= wei SO NT ge meet oe rer) teen Bs al ake el SS 2} (4) 
el Sade ene 29 | 24] 16 | 23} 20 | 13] 18 | 17 9 8| 4 
ast Sou entra 21/4) 4 10) Oy eee nN); 0; ®|@] 0 
West North Central 11 ri 2 if 4 1 4 2 (4) - o (4) 
West South Central 5 2 2 4 1 21-18 1 1 1 1 1 
Mountain bes eet > Sealine 26} 20] 16} 18} 16} 11 | 11} 11 8 4 5 2 
BAGO < 28 fe oo es. SOs 79 | 67 |100 | 47 | 49] 71 | 20} 24] 51 3 4/19 
United States average.__.___| 22 | 22] 21] 15 | 16 | 15 | 10 “10° 10° 3 4 4 


1 Less than 5 per 10,000. 





















Over 30 per-| Over 50 per- 
cent cent 





| 
1946) 1945/1943) 1946) 1945/1943 


()]@ ] oO} of of} oO 

2 Aiport) Li 
(} 0} O} @] 0} oO 
cor i Wy ae By 
0}(] 0} 0} oO} oO 
L1}(M/@] 0] 0] 0 
pe ee TT Ak 
2 2th es A tl ah 
(Q)} Oo} 3} Oo} oO} O 
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Trends in Motor-Vehicle Travel, 1946 


BY THE DIVISION OF FINANCIAL AND ADMINISTRATIVE RESEARCH, 
PUBLIC ROADS ADMINISTRATION | 


Total motor-vehicle travel in the United 
States in 1946 amounted to more than 340 
billion yehicle-miles, about evenly divided 
between urban and rural travel. This total 
was 2 percent greater than the previous 
record, established in 1941, and 37 percent 
above travel in 1945. The average vehicle 
traveled 9,958 miles in 1946, consuming 
747 gallons of Motor fuel at a rate of 13.32 
miles per gallon. 


LASSIFIED estimates of motor-vehicle 

travel in the United States, previously 
published for the years 1936-—45,! are here 
presented for the year 1946. Table 1 reports, 
for the various classes of motor vehicles, the 
estimates for 1946 of rural, urban, and total 
vehicle-miles traveled, average miles traveled 
and motor fuel consumed per vehicle, and 
average travel per gallon of motor {fuel con- 
sumed, 

The analysis on which these estimates are 
based was similar to that described in the 
previous report.! Because the volumes of 
motor-vehicle travel and motor-fuel consump- 
tion in 1946 were more nearly comparable to 
those in 1941 than any of the intervening 

years, 1941 was used as a base year in making 
the calculations. 

Rural-road travel in 1946, reported in 
another article in this issue, was approximately 
one-half percent greater than in 1941. High- 
way use of motor fuel, however, was about 
6 percent greater. Part of this apparent 
excess consumption of motor fuel is accounted 
for by the relative increase in the number of 
trucks and combinations, from 14.6 percent 
of the total motor-vehicle registration in 1941 
to 17.1 percent in 1946.- Part is due to the 
heavier loads carried by trucks and combina- 
tions during recent years, and an allowance 
for reduced average miles per gallon has been 
made in the calculations. Since these factors 
did not account for all of the apparent excess 
motor-fuel consumption, the indicated in- 
crease of 1946 urban travel over that in 1941 
was greater than the increase of rural travel. 

Total travel in 1946 was estimated as 
340,655 million vehicle-miles—2 percent 
above the previous record set in 1941. Of 
the total, 170,606 million vehicle-miles were 
accounted for by rural travel and 170,049 
million vehicle-miles by urban travel. While 
rural travel had increased only one-half 
percent over 1941, urban travel had risen 
almost 4 percent above that level. 

Comparisons of 1946 travel with that of 
1941 and 1945 are shown in table 2. The 
relative increase of 1946 rural travel over 1945 


1 Trends in motor-vehicle travel, 1936 to 1945, by G. P. St. 
Clair; Pustic Roaps, vol. 24, No. 10; Oct.-Nov.-Dec. 1946. 
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was much greater than that of urban travel. 
Rural travel suffered much greater set-backs 
during the war years and, in recovering, it 
naturally showed a greater percentage rise 
from 1945, during 8 months of which motor 
vehicles operated under wartime restrictions. 

The relative increase of 1946 values over 
those of 1941, however, was greater for urban 
than forruraltravel. A comparison of month- 
ly rural traffic volumes in 1941 and 1946 shows 
that 1946 travel exceeded that of 1941 in 
January, February, March, April, September, 
and October, but was less in the usual peak- 
traffic months of June, July, and August, as 
well as in May, November, and December. 
Thus, while the level of rural traffic in 1946 was 
above that of 1941 during most of the winter, 
spring, and fall, summer traffic had not yet 
returned to normal. Probably the advanced 
age of millions of passenger cars somewhat 
deterred vacation and week-end touring; high 
costs of vacation accommodations may also 
have played a part. These factors would 
have had a minor effect on city travel, so it is 
not unnatural that*the latter should display 


a more favorable comparison with 1941 levels 
than does rural travel. 

The average miles traveled per vehicle in 
1941 and 1946, for the two most important 
vehicle classes, were estimated as follows: 


1941 1946 
Passenger cars__.____-_ 9, 285 9, 942 
Trucks and combina- 
Ons 25 mee een serene 10, 739 9, 615 


Apparently inconsistent are the indications 
that the average mileage of trucks and com- 
binations was less in 1946 than in 1941, while 
that of passenger cars was greater; and that 
passenger cars, which in past years traveled 
a lower annual mileage per vehicle than trucks 
and combinations, have exceeded the latter 
in mileage during 1946. A probable explana- 
tion lies in the 17.8 percent increase of truck 
and combination registrations in 1946 over 
those in 1945 while passenger car registrations 
increased only 9.4 percent. Factory sales 
figures indicate # large proportion of new 
truck sales in 1946 were made during the latter 
part of the year. This large influx of new 
(Continued on page 52) 


Table 1.—Classified estimate of travel in the United States in calendar year 1946 












































2 Motor-fuel Average 
Motor-vehicle travel Number] 4 yorage| consumption | travel 
of regis- 7 ab | - per 
Vehicle type tered per gallon 
Rural | Urban | Total eet vehicle | motay 2 pie y of ue 
travel travel travel veliela | seamed 
Million | Million | Million i> Miles 
vehicle- vehicle- | vehicle- | Thous- Million per 
miles miles miles ands Miles | gallons | Gallons| gallon 
Passenger vehicles: 
Passenger Cars 822628. 222 es 134,013 | 146,444 | 280,457 | 28, 209 9,942 | 18,759 665 14. 95 
Busses: 
@ommorcialzaes oss. ene 1, 413 1, 987 3, 400 80 | 42,500 680 | 8, 500 5. 00 
School and nonrevenue-_------- 586 66, 652 82 7, 981 63 768 10. 39 
All DUSsSseSse. tans. See canner 1, 999 2, 053 4, 052 162 | 25,061 743 | 4,594 5. 46 
All passenger vehicles_-__..------------ 136, 012 148,497 | 284,509 | 28, 371 10, 028 19, 502 687 14, 59 
Trucks and combinations_....--------- 34, 594 21,552 56, 146 5, 839 9, 615 6,068 | 1,039 9, 25 
“Al motorivenicl6ss-cas: sete aeeee= ees 170,606 | 170,049 | 340,655 | 34,210 9,958 | 25,570 747 13, 32 








1 These registrations differ from those given in Public Roads Administration table MV-1 for 1946 because of the following 
adjustments: (1) Approximate correction for defective classification in 6 States, as described in footnotes 7, 9, 11, 12, and 13 
of that table; (2) inclusion of publicly owned vehicles, listed separately in table MV-1; (3) reduction of private and commercial 
truck registrations by 2.5 percent to allow for registration in more than 1 State; and (4) substitution of bus totals as estimated 
by the bus industry, to afford a complete segregation of commercial busses from school and nonrevenue busses and to allow 


for duplication because of registration in more than 1 State. 


2 Total highway use of motor fuel in 1946 is given as 25,649 million gallons in Public Roads Administration table G-21. For 
this analysis there was deducted from that total 79 million gallons estimated use by motorcycles (250 gallons per motorcycle). 


3 Including taxicabs. 


Table 2.—Increase in motor-vehicle travel, 1946 compared with 1941 and 1945 





Vehicle type 


Passenger vehiclos@#.0_ 2222222 5-25 see ee eee 
‘Tracks and com binations)2 25) 2-282 oa ee eee 
ATT voliiclage ss same te ae ene Cee en ee eee 


1946 over 1941 1946 over 1945 
Rural | Urban Total Rural Urban Total 
0. 45 3.77 2.16 47.78 33. 80 40.14 
. 56 5.18 2. 29 27. 42 14. 88 22. 30 
47 3.95 2.18 43.15 31.07 36. 85 


Percentage increase of travel— 
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Trends in the Distribution of 


State Road-User Taxes, 1940-1947. 


BY THE DIVISION OF RESEARCH REPORTS 
PUBLIC ROADS ADMINISTRATION 


This article summarizes the recent trends 
and the current status of State-local high- 
way finance relationships, with particular 
emphasis upon the distribution of State 
road-user tax revenues. 

The large postwar highway programs, 
coupled with greatly increased construction 
costs, have intensified demands by both 
State and local groups for additional high- 
way funds. In order to fill the more urgent 
needs, several States have been compelled 
to increase highway-user tax rates or to 
revise distribution formulas. This has 
brought about some misconceptions con- 
cerning the present allocation of these 
revenues. Actually, there does not appear 
to have been any significant change in the 
basic State-local distribution ratios in 
recent years. Both State and local roads 
have benefited from greater tax yields, with 
the State generally retaining the larger 
share of total revenue, for expenditures on 
State highway systems. Where revisions of 
the distribution formulas have occurred, 
increases in State or local shares have 
usually been accomplished by decreasing 
the portion of tax revenues formerly allo- 
cated to nonhighway purposes. 


OST States have shared a considerable 

part of their road-user revenues with 
their political subdivisions almost from the 
inception of special road-user taxes. 
distribution of these revenues has always been 
a matter of lively interest. With the growing 
attention centered on highway needs and 
highway financing methods, much discussion 
has revolved around the changes that have 
been made in road-user revenue allocations in 
recent years. 

Local groups, both rural and urban, have 
insistently presented their claims for a greater 
share of the revenue. At the same time, the 
need for an adequate system of main roads 
has at all times been so universally recognized 
that legislatures have been reluctant to 
increase the allocations for local roads and 
streets at the expense of delaying the de- 
velopment of the State arterial systems. 

In order to clarify the State—local relation- 
ship, a study has been made of the 1940-47 
trend in the distribution of road-user revenues 
to State highways, to local roads and streets, 
and also to nonhighway purposes. The 1940- 
46 portion of the study is based upon an 
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analysis of the annual reports of State highway 
authorities to the Public Roads Administra- 
tion, and the changes for 1947 are based upon 
the probable effects of legislation passed 
during the year. The 1940 and 1946 alloca- 
tions are shown in detail in table 1. 


CONCLUSIONS 


An analysis of the 1940-1947 trend in high- 
way financing methods indicates that while 
many States have in recent years provided 
additional funds for local roads and streets, 
this has rarely been done at the expense of 
revenues for State highways. In several cases 
local roads have received funds formerly 
allocated for nonhighway purposes, or have 
received a portion of new tax revenues. Ina 
few instances they have received appropriations 
from State general fund surpluses. The 
States, however, have usually preserved the 
basic distribution ratios that were in effect in 
1940, and where the ratios have been changed 
in favor of local roads, steps have been taken 
to assure that certain minimum revenues will 
be available to finance the postwar programs 
for improvement of State highways and second- 
ary roads of more than local importance. 

Both State highways and local roads have 
shared in an increase in State highway-user 
revenues, which in 1946 were 21 percent greater 
than the collections in 1940. Both are also 
receiving a greater portion of the total high- 
way-user revenues: the State share increased 
from 58 percent of the amount distributed in 
1940 to 64 percent in 1946, and the local share 
from 27 percent in 1940 to 30 percent in 1946. 
It is not the intention here to discuss the rela- 
tive value of the rise in highway revenues, or 
the adequacy of the present highway-user tax 
structure. It should be obvious that increased 
revenues in recent years have been more than 
nullified by increased highway construction 
costs. 

The increase in the State and local shares of 
highway-user revenues was accompanied by 
a decrease in the portion used for nonhighway 
purposes. ‘This decrease has been the result 
of two factors: (1) The effectiveness of the 
campaign against allocation of user revenues to 
nonhighway purposes; and (2) increased appro- 
priation of funds for highways out of general 
State revenue, offsetting statutory nonhigh- 
way allocations of highway-user revenue. 
Such appropriations, however, do not neces- 
sarily indicate a continuing policy. 


COMPARISON OF 1940 AND 1946 
ALLOCATIONS 


By limiting this study to an evaluation of 
changes in the allocation of State funds for 
highways, some important factors in State—- 
local highway relationships have necessarily 
been excluded. One of the most important 
of these is the effect of transferring mileage 
from the local road systems to State systems 
without providing a larger portion of total 
revenues to the State highway departments.! 
The roads thus taken over by the States are 
usually the most heavily traveled in the local 
systems, and therefore the most costly to 
improve and maintain. Also it may not be 
readily apparent that large amounts of State 
highway funds, while nominally expended in 
rural areas, are actually spent on heavily 
traveled roads adjacent to cities. Thus, while 
they are not actually expended within cor- 
porate limits, they are largely for the benefit 
of urban areas. 


Another factor not included in this study is 


the control exercised by the States over funds 
allotted for local roads and streets. The 
degree of State control may influence the class 
of road upon which the money is spent. 

While both highway revenues and highway 
construction were declining during the years 
1942-45 as a result of wartime restrictions, 
the State legislatures gave little attention to 
revision of existing formulas for the distribu- 
tion of funds. With-the end of the war, how- 
ever, the Federal-aid Highway Act of 1944 
gave considerable impetus to expansion of 
highway construction on main State highways, 
on the more important secondary roads, and 
on arterial streets forming the major traffic 
channels within urban areas. At the same 
time, local governments renewed their de- 
mands for a greater share of State highway 
revenues. 

By 1946 a few States had anticipated the 
postwar needs and demands by increasing 
highway-user tax rates, by reallocating the 
revenue from existing taxes, or by making 
appropriations for highways out of State gen- 
eral funds. 


1 The total mileage of the State highway systems, exclud- 
ing county roads under State control in Delaware, North 
Carolina, Virginia, and West Virginia, increased from 434,000 
miles in 1940 to 458,000 in 1946. The State-administered 
county roads in the four States mentioned increased from 
114,000 miles to 119,000 miles during the same period. 
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Table 1.—Distribution of State highway-user revenues, 1940 and 1946 


For State highways! 


For highway purposes 





For local roads and streets ? 














Total funds 
distributed 
State 
Amount 
1940 1946 1940 1946 
1,000 1,000 1,000 1,000 
dollars dollars dollars | dollars 
Alabama.---.--- 20, 096 29,537 | 11,070 | 12,640 
ATIZONH sok ee 5, 838 9, 618 4, 367 7, 344 
PATE ATISHSon25-— = 14, 756 21, 263 13, 329 18, 434 
California_-_-__-_- 77, 254 107, 702 40, 860 50, 442 
Colorado-__-_-_-- 10, 948 14,169 | 7,387] 9,600 
Connecticut __-_- 17, 244 18, 738 14, 017 10, 251 
Delaware- ------ 3, 420 3, 735 3, 392 3, 515 
i 34, 757 49,925 | 23,478 | 25, 859 
Georgia__-_-_--- 24, 609 33,975 | 15,456 | 22, 258 
GHA: =. ae 6, 232 9, 254 3, 843 6, 867 
fiiindisss 2522: 64, 322 68, 473 33, 798 38, 278 
Indiana: .-2<...- 36, 282 87,317 | 20,623 | 21, 505 
1G weseeee so 27, 244 27,960 | 19,238] 18,699 
Kansas... ....-.- 15, 400 21,024 | 11,765] 17,056 
Kentucky ------- 19, 396 25, 808 14, 953 19, 964 
Louisiana. ----~- 22, 257 28, 966 16, 009 21,146 
NViAIN@ se 2-2 225. 10, 045 11, 338 8,745 | 10, 511 
Maryland----_--- 17, 713 20,897 | 10,353 | 11,006 
Massachusetts - - 26, 846 27,119 | 11,180 | 17,444 
Michigan- --_-_-- 55, 566 59,981 | 27,499 | 28,871 
Minnesota- ----- 27, 843 31,628 | 21,490 | 24,007 
Mississippi--_--- 14, 789 20,415 | 7,173 | 10,088 
Missouri--_------ 23, 527 25, 148 23, 439 25, 148 
Montana----__-- 6, 933 7, 485 5, 448 6, 072 
Nebraska- - - ---- 14, 227 18, 217 6, 412 8, 604 
Wevadas-. 22. 2, 001 2, 868 2,001 2, 868 
New Hampshire. 6, 514 6, 860 5, 735 6, 230 
New Jersey - ---- 44, 872 45, 703 23,086 | 30, 040 
New Mexico- -.- 6, 510 9, 476 5, 627 8, 399 
New York._-__- 123, 844 120, 558 | 32,345 | 102,374 
North Carolina._ 35, 629 50,225 | 23,977 | 25,610 
North Dakota_.- 4, 956 5, 281 3, 414 : 
Ohiguses: fei: 77, 519 92,345 | 30,445 | 39, 517 
Oklahoma__---_- 20, 251 39,592 | 12,605 | 29, 380 
Oregon =2-.="-.- 15, 380 22,568 | 12,818 | 19,005 
Pennsylvania__-. 99, 184 99, 595 71, 341 83, 184 
Rhode Island --_- 6, 893 7, 070 2,895 3, 640 
South Carolina-__ 15, 902 21,278 | 13,368 | 17,634 
South Dakota_-__ 6, 486 7, 200 4, 512 5, 613 
Tennessee------- 26, 390 38, 758 | 12,528 | 23,351 
We os a 66, 976 92,069 | 37,841 | 55,438 
Rayeriee es te 4, 994 7,175 4, 084 5, 465 
Vermont_______- 5, 318 5, 755 2,810 | 3,124 
ireinigccs = 22. 26, 175 36,861 | 17,969 | 17,762 
Washington-_-___- 20, 357 28,644 | 10,361 | 14,840 
West Virginia_-__ 17, 214 20,090 | 14,259} 16,578 
Wisconsin----__- 34, 893 42,849 | 11,037 | 28,029 
Wyoming ____-- 3, 553 5, 794 2, 864 4, 694 
Dist. of Columbia. 5, 034 BL O02 Bieeemticcs. es | Nees 
Ovale eee 1, 274, 389 | 1, 544,298 | 733, 246 | 991, 924 








1 Includes $629,000 allotted for county roads under State control in Delaware in 1940. Segregation is not available for 1946. 
2 Includes amounts allotted for county roads under State control in North Carolina, Virginia, and West Virginia. 


(See note 1.) 


Increased highway-user tax rates.—Five 
States increased their motor-fuel tax rates 
during 1945 or 1946. In Idaho, Kansas, 
Oklahoma, and Virginia, the increase was made 
to assure adequate resources to match the 
Federal funds provided for the three Federal- 
aid programs. In none of these four States 
was the additional revenue intended to be 
used for roads of less importance than those 
in the Federal-aid systems. In Iowa, how- 
ever, the motor-fuel tax was increased to pro- 
vide funds for local roads and streets, without 
reference to the Federal program. 

Reallocations of existing tax revenues.—In 
only one State, Alabama, was there a realloca- 
tion of existing taxes to provide a smaller share 
for State highways and a larger share for local 
roads. In 1948 the State decreased its motor- 
fuel tax allotment for State highways from 3 
cents to 2 cents, and increased the amount for 
local roads and streets from 3 cents to 4 cents. 
The 1 cent taken away from State highways 
was to be used to match 1 cent of the county 
share to improve selected county roads, in- 
cluding those forming a part of the Federal-aid 
secondary system. 
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Total for highway purposes 





For nonhighway purposes 





























— Percent of 

Amount * 

Percent of ere Percent of Rebate Percent of total funds 

total funds . total funds u total funds 
1940 1946 1940 1946 1940 1946 1940 1946 1940 1946 1940 1946 1940 1946 
1,000 1,000 1,000 1,000 1, 000 1, 000 
dollars | dollars dollars dollars dollars | dollars 

55.1 42.8 8, 192 15, 723 40.8 53. 2 19, 262 28, 363 95.9 96. 0 834 1,174 4.1 4.0 
74.8 76.4 1,471 2, 274 25. 2 23.6 5, 838 OF GES I ELOOSO MT CLOUs Oni ereeene eae ee eae ee eee 
90. 3 86.7 1, 427 2, 774 9.7 13.0 14, 756 21, 208 | 100.0 QUSTs |e aoe a Py Ket ae .3 
52.9 46.8 22, 405 47, 758 29.0 44.4 63, 265 98, 200 81.9 91.2 13, 989 9, 502 18.1 8.8 
67.5 67.8 3, 561 4, 569 32. 6 $2.2 10, 948 1PM CTR Ch VET eek ot 2 Se a ee ae (ee 
81.3 54.7 3, 226 8, 487 18.7 45.3 17, 248 18,738 | 100.0 | 100.0 Teco eeeent cs [ee a ea ue es 
99. 2 94.1 VF | Sees Se aan eG eee hd 3, 394 3, 515 99. 2 94, 1 26 220 8 5.9 
67.5 51.8 281 6, 068 9 TZ 1 23, 759 31, 927 68. 4 63.9 10, 998 17, 998 31.6 36.1 
62.8 65. 5 5, 337 5, 897 21.7 17.4 20, 793 28, 155 84. 5 82.9 3, 816 5, 820 15.5 WAH | 
61.7 74, 2 2, 389 2, 387 38.3 25.8 6, 232 OP 254 ote OOl Os ML OO, Oli uae oes ays cae eee ee” 
52.5 55.9 23, 539 30, 195 36.6 44.1 57, 337 68, 473 89.1 | 100.0 OG .085ai ese 1059) | eed 
56.8 57.6 13, 944 15, 225 38. 4 40.8 34, 567 36, 730 95. 2 98. 4 1,715 587 4.8 1.6 
70. 6 66.9 8, 006 9, 261 29.4 33.1 27, 244 ae OOF eLOUS On LOO" Os eee = eee ce eee oe eet tee 
76.4 81.1 3, 635 3, 968 23.6 18.9 15, 400 210245 HeLOO SOPs L000: Nese oe Se eats ee ee 
reat erg ez! 2, 606 5, 844 13.4 22. 6 17, 559 25, 808 90.5 | 100.0 fy So Galea ee Cr a ee 
71.9 (OR Roe ee iy fsa eae Sete 2.0 16, 009 21, 721 71.9 75.0 6, 248 7, 245 28. 1 25.0 
87,1] 92.7 1, 158 827 | . 11.5 las 9, 903 11,338 | 98.6 | 100.0 142 eee 14) | eee 
58.5 52.7 6, 025 8, 271 34.0 39.6 16, 378 19, 277 92.5,| 92.3 15335 1, 620 7.5 dae 
41.6 64.3 14, 403 9, 675 53. 7 35.7 25, 583 27,119 95.3 | 100.0 15263; [ees oee Coy 4 See 
49.5 | 48.1] 28,067 | 31,110} 50,5] 51.9 55, 566 BOOSIE LOOTON E1000 mean eee eeeer ee. [Soe sees 
71.2 | 75.9 6, 106 7, 382 | 21.9} 23.3 27, 596 31,389 | 99.1} 99.2 247 239 9 8 
48.5 | 49.4 7,616 | 10,327 | 61.5] 50.6 14, 789 20, 415 | 100.0 | 100.0 |_-__- pees | bomen eo Sete eee 
90! Gai 10070) eee alte te neem | ae 2 | ee 23, 439 25,148 | 99.6 | 100.0 TY het oe ad 
78.6 81.1 1, 485 1, 394 21.4 18.6 6, 933 7,466 | 100.0 OO 7a see as 1 KEY ese pee -3 
45.1 47,2 5, 493 6, 535 38. 6 35.9 11, 905 15, 139 83.7 83.1 2, 322 3, 078 16.3 16.9 
JOOFO|% 1002 ON Serta ee REE: joe oes | eee 2,001 2.868100: 08 100; Onl ase te peers erecta |S oR 
88.0 90. 8 779 630 12.0 9. 2 6, 514 68607 [1002 Oia] L00: Op) esa eee | eee eee eee ee eee 
61.5 65.7 10, 296 15, 046 22.9 32,9 33, 382 45, 086 74.4 98. 6 11, 490 617 25. 6 1.4 
86.4 | 88.6 267 338 4.1 3.6 5, 894 8,737 | 90.5 | 92.2 616 739 9.5 7.8 
26.1 | 84.9 | 27,517 | 18,184 | 22.2 | 15.1 59, 862 120-5680 | 485511000; 0) eGo, 982n | aeen eel wrOke putea sees 
67.3 51.0 10, 519 22, 941 29. 5 45.7 34, 496 48, 551 96.8 96. 7 15133 1, 674 3. 2 3.3 
68.9 68.9 1, 539 1, 641 31.0 31.1 4, 953 5, 281 99.9 | 100.0 Ct Se ee A Il Pee = 
39.3 | 42.8 | 33,785 | 48,659 | 43.6] 47.3 64, 230 83,176 | 82.9} 90.1 | 18, 289 9,169 | 17.1 9.9 
62.2 | 74.2 7,414 | 10,212] 36.6] 25.8 20, 019 39, 592 | 98.8 | 100.0 230) cee ae, 13 22|eee eee 
83.3 84,2 2, 423 3, 563 15.8 15.8 15, 241 22, 568 99.1 | 100.0 1394 S2ae-— Bk a (aca 2 
TSO | Sonbs el] OLOs med osason mn Sebel lO. 83, 360 99,567 | 84.0} 99.9] 15,824 28 | 16.0 4 
42.0 | 51.5 56 59 BS .8 2, 951 ane) | Gas || TSS || SR) Be esvat || ye ll ebay 
84.0 | 82.9 2, 317 2,967 | 14.6] 13.9 15, 685 20,601 | 98.6} 96.8 217 677 1.4 3.2 
69.6 | 76.6 1, 867 1,626} 28.8} 22.6 6, 379 7,189 | 98.4] 99.2 107 61 1.6 8 
47.5 | 60.2} 5,930] 9,178] 22.5 | 23.7 18, 458 32,529 | 70.0] 83.9] 7,932] 6,229] 30.0] 16.1 
56. 5 60. 2 17, 549 17, 189 26. 2 18.7 55, 390 72, 627 82.7 78.9 11, 586 19, 442 17.3 21.1 
81.8 76. 2 873 1, 073 17.5 14.9 4, 957 6, 538 99.3 91.1 37 637 adi 8.9 
52.8 54.3 2, 480 2, 608 46.7 45.3 5, 290 5, 732 99.5 99. 6 28 23 5 4 
68.7 | 48.2 8,197 | 19,022} 31.3] 61.6 26, 166 36, 784 | 100.0 | 99.8 9 CH A) = as 373 
50. 9 51.8 8, 924 13, 804 43.8 48, 2 19, 285 28, 644 94.7 | 100.0 ype 5 See De Bid aoe 
82.8 | 82.5 2, 955 3,012) 172) 17.5 17, 214 20,090 BNELOO ZO; 1 00; 0 yeas Sa |e ee rel eee 
31560) 65:47" 11,0167) 10,9035) S16) lp 25. ¢ 22, 053 39,022 | 63.2] 91.1] 12,840 3,827: 36.8 8.9 
80. 6 81.0 689 1, 100 19.4 19.0 3, 553 05-94 NE LOONO® |/eL00: ON eae ee 2 ee bot Ss =e |aeecse = 
es Pa ele 9 4,779 5, 542 94,9 92.5 4,779 5, 542 94.9 92.5 255 450 5.1 7.56 
57.5 | 64.2 | 344, 564 | 457,796 | 27.1] 29.7 | 1,077,810 | 1,449,720 | 84.6 | 93.9 | 196,579 | 94,578 | 15.4 6.1 


In Connecticut, Kentucky, North Carolina, 
Pennsylvania, and Virginia, where allocations 
are not based entirely on a percentage of 
revenues, appropriations for local roads and 
streets out of the State highway fund have 
increased at a greater rate than have the 
revenues collected. In Kentucky and Penn- 
sylvania, the increases for local roads have 
been largely offset by a discontinuance of allo- 
cations for nonhighway purposes. In Con- 
necticut, a 1947 increase in the motor-fuel tax 
rate may restore the prewar relation between 
appropriations for State highways and those 
for local roads. In North Carolina and Vir- 
ginia, the large increase in appropriations for 
local roads under State control, made in 1945 
and 1946, was partly to match Federal-aid 
secondary funds and partly to complete war- 
deferred improvements. In Massachusetts, 
the appropriations for local roads decreased 
during this period. 

In Kentucky, Pennsylvania, and Wiscon- 
sin, basic changes in the distribution of 
highway-user revenues or in the handling of 
highway accounts resulted in the allocation 
for highway purposes of funds formerly used 














Similar allotments in Delaware are included with State highways. 


for nonhighway purposes. Nonhighway al- 
locations in Kentucky decreased from 10 
percent of total highway-user revenues in 1940 
to none in 1946; in Pennsylvania the change 
was from 16 percent to less than 1 percent; 
and in Wisconsin from 37 percent to less than 
9 percent. The immediate effect of the 
reallocation in Wisconsin was to provide 
additional funds for State highways, while 
in Kentucky and Pennsylvania it served to 
offset an increase in appropriations for local 
roads. 

' Appropriations from State general funds.— 
Many States accumulated large surpluses of 
general revenues during the war years. 
These surpluses have been used by some 
States to increase funds for the State and 
local highway programs. To some extent 
they have also been used to defer a demand 
for an increase in highway-user tax rates or a 
reallocation of existing taxes. 

Between 1943 and 1946, considerable 
amounts were provided in this manner for 
local roads and streets by California, Lllinois, 
and Washington, and for State highways by 
Louisiana, Ohio, and Oklahoma. Mississippi 


. -  §1 


and West Virginia appropriated general reve- 
nues for both State and local roads. Only in 
West Virginia, where all county roads are 
under State control, were the appropriations 
the result of a continying policy that was in 
effect in 1940. 

Five other States—Delaware, Georgia, New 
Jersey, New York, and Rhode Island— 
regularly make appropriations for highways 
out of State general funds. These States, 
however, do not segregate highway revenues 
in a highway fund: they place all revenues 
in the State general fund and appropriate 
therefrom for all purposes, including high- 
ways. There has been no significant change 
in the ratio of amounts appropriated for 
State highways and for local roads and streets 
during recent years in these “one-fund” 
States. In New York, where highway ap- 
propriations in prior years were considerably 
less than the total highway revenues, the 
appropriations for 1945 and 1946 greatly 
exceeded such revenues. : 

In those States where appropriations for 
highways are made out of State general 
funds, while at the same time highway-user 
revenues are allocated by law to nonhighway 
purposes, the general fund appropriations, in 
effect, compensate highway funds partly or 
fully for the loss of highway-user revenues. 


This factor has been taken into consideration 
in determining the highway and nonhighway 
allocations in table 1. 


EFFECTS OF 1947 LEGISLATION 


The first general postwar legislative sessions 
in 1947 were confronted with insistent 
demands for additional funds for both State 
highways and local roads and streets. Rapid- 
ly increasing highway costs, together with 
the expanding highway programs, made it 
necessary for several States to seek additional 
revenues by increasing highway-user tax 
rates. In a few others the revenue from 
existing taxes was reallocated to provide 
additional funds for local roads and streets. 
Other States continued to appropriate funds 
for highways out of general revenues, but the 
full effect of these appropriations cannot yet 
be determined. | 

Increased highway-user tax rates——Seven 
States—-California, Colorado, Connecticut, 
Maine, Maryland, Rhode Island, and Ver- 
mont—increased their motor-fuel taxes during 
1947. Several States also increased their 
motor-vehicle fees. From available informa- 
tion, it appears that in only one of these 
States, Colorado, has there been any basic 
change in the proportions of total highway- 
user revenues to be allotted to State highways 


and to local roads and streets. Under the 
previous 4-cent motor-fuel tax, Colorado 
allotted 27 percent to the counties. With an 


increase of 2 cents in the tax and some changes 
in its distribution, the counties and cities 
together will now receive approximately 
37 percent of total motor-fuel revenues. 

California and Maryland revised ‘their 
distribution formulas when they increased 
highway-user tax rates, but the net result 
appears to be that State-local sharing was 
not materially changed. Nonhighway allo- 
cations were eliminated in Maryland and 
decreased in California. 

Reallocations of existing tax revenues.— 
Eight States reallocated their highway-user 
revenues to give a greater share to local 
governments for roads and streets. In four 
of these the revisions affect the funds avail- 
able for State highways: Oregon increased the 
cities’ share of highway-user revenues from 
5 percent to 10 percent and the counties’ 
share from 15.7 percent to 19 percent, while 
Arkansas, Indiana, and Wisconsin allotted 
additional funds for local roads and streets 
provided the State receives certain guaranteed 
minimum amounts. The remaining four 
States in this group—Nebraska, New Mexico, 
Oklahoma, and Utab—increased their allot- — 
ments to local roads and streets by decreasing 
or eliminating former nonhighway allocations. 





vehicles, which were driven relatively low 
mileages during 1946, decreased the average 
travel per vehicle even though the average 
for trucks and combinations operated for the 
full 12-month period may have been as great 
as in 1941, or greater. The similar effect for 
passenger cars was of much less magnitude 
because the relative increase in numbers was 
much lower. Probably, since the number of 
trucks registered in 1946 was 14 percent greater 
than in 1941, the demand for new trucks came 
much nearer to being satisfied than that for 
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(Continued from page 49) 


passenger cars. The unslaked demand for the 
latter is reflected in an average mileage per 
car that is probably greater than would have 
been found if a normal number had been avail- 
able for use. 

The annual consumption of motor fuel per 
vehicle has risen well above prewar levels, 
from 694 gallons in 1941 to 747 in 1946. 
However, the 13.32 miles per gallon averaged 
by all vehicles in 1946 is somewhat below the 
13.75 average of 1941. This is due chiefly to 
the following causes: (1) Trucks and combina- 


tions formed a larger percentage of the total 
motor-vehicle registration in 1946; (2) the 
average operating gross loads of trucks and 
combinations have increased substantially; 
and (3) because the average age of passenger 
cars was much greater than formerly, and 
their relative use of rural roads as compared 
with their urban travel had not quite returned 
to normal, it is probable that the average 
miles per gallon of passenger cars was some- 
what below the prewar level. 
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The Effect of Petroleum-Like 
Constituents on Road Tars 


BY THE DIVISION OF PHYSICAL RESEARCH 
PUBLIC ROADS ADMINISTRATION 


and 
A Test for Determining the 
Homogeneity of Road Tars 


Reported by R. H. LEWIS, Senior Chemist 
and W. J. HALSTEAD, Associate Chemist 





IFFERENCES in behavior of road.tars 

meeting the same specification have fre- 
quently been noted by engineers using these 
materials in road construction. Recent stud- 
ies to determine the cause for such variations 
in behavior point to the presence of petroleum- 
like constituents in the tar. It is well known 
that petroleum products and tars do not 
blend completely in all proportions, and thus 
there is a tendency toward incompatibility 
between these petroleum-like constituents and 
the normal constituents of the tar. 

The presence of the petroleum-like con- 
stituents in tar is occasioned in two ways: 
First, by the use, as bases or fluxes, of water- 
gas tars that through improper processing 
contain a considerable amount of the original 
petroleum oil which has not been cracked or 
altered in the carburation process; and second, 
by the unintentional mixture in shipment, 
through failure to steam-clean’a tank car or 
truck that had contained petroleum products 
before loading it with tar. 

Since the usual tests made on road tars 
give no indication of the relative compati- 
bility of petroleum-like constituents and tar, 
a new test has been developed to measure this 
condition. Briefly, this test is made by add- 
ing a petroleum distillate to measured por- 
tions of tars, thoroughly mixing the compo- 
nents, and noting the percentage of diluent at 
which the blended materials separate into two 
phases. The percentage of diluent required 
to bring about a separation is termed the 
“separation point.” 

Since the separation point represents an 
end point only and the visual observations 
give no indication of the intermediate effects of 
lesser additions of the petroleum distillate, 
further investigations were conducted in which 
the progressive changes in the tar structure 
produced by increasing increments of the 
petroleum-like materials were observed under 
a microscope. In addition, the effect of these 
changes on the kinematic viscosity of the tar 
blends was also studied. 

The data obtained in each of the phases of 
this study are closely interrelated and the 
report has been arranged so as to give not only 
the development and significance of the sepa- 
ration-point test but also to present as com- 
plete a picture as possible of the changes 
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Differences in behavior, during construction, of road tars meeting the same 
specifications have been traced to the presence in the tars of petroleum-like 
constituents consisting of unsulfonatable hydrocarbons. In this investigation 
it was found that the unsulfonatable hydrocarbons have a flocculating effect 
on the tar which increases as the percentage of unsulfonatable hydrocarbons 
increases until a separation of the blend into two phases results. The progres- 
sive flocculation up to the point of separation can be detected only by micro- 
scopic examination. 

In the course of the investigation, a new test was devised to measure the 
relative compatability of unsulfonatable hydrocarbons and tars. It involves 
adding increments of a petroleum distillate to the tar and noting the “‘separation 
point’’—the percentage of diluent at which the blended materials separate into 
two phases. The test indicates the relative amount of unsulfonatable hydro- 
carbons in tars from the same source, but cannot be used as an exact determina- 


tion of these constituents in lieu of the sulfonation-index test. 


The new separa- 


tion-point test will be useful as a rapid laboratory check on the uniformity of 


tar shipments from the same source. 


produced in a tar by the presence of any per- 
centage of petroleum-like material from zero 
up to the separation point. 

‘The problems discussed in this paper are 
generally the same as those previously dis- 
cussed in a report on the sulfonation-index 
test,! and a brief review of the basic chemical 
groups described in that paper and of the gen- 
eral conclusions drawn at that time are given 
here in order that the principles involved in 
this investigation may be fully understood. 

The phenomenon of separation exhibited 
by blends of petroleum products and tars is 
not caused by any inherent difference in petro- 
leum and tar, but rather because of the partial 
incompatibility of the major constituents 
usually found in these materials. 

The major proportion of the constituents of 
most tars are hydrocarbons of the aromatic 
group, while uncracked petroleum products 


contain chiefly those of the paraffinic and > 


naphthenic groups. Cracked petroleum prod- 
ucts contain high percentages of the olefinic 
group, also. However, both tars and petro- 
leum products may contain some percentage 
of all these groups; and the percentage of any 
group that may be present in either type of 
material will vary, depending on the source of 
the crude and the manufacturing process used. 
It is the paraffinic and naphthenic hydrocar- 
bons that have been termed the petroleum-like 


1 The sulfonation index test for road tars, by R. H. Lewis 
and W. J. Halstead; PUBLIC ROADS, vol. 23, No. 7; Jan-Feb.- 


Mar. 1943. 


constituents and whose presence in a tar is 
considered undesirable. 

The maximum amounts of the paraffinic and 
naphthenic groups permitted in a road tar are 
controlled by the recently adopted specifica- 
tion requirements for the sulfonation index. 
This index represents the amount of material 


‘in the tar distillate that is unaffected when the 


distillate is treated with a very strong (98.6 
percent) sulfuric acid. These are the paraf- 
finic and naphthenic hydrocarbons, since the 
conditions of the test are so controlled that all 
other groups present will be oxidized or con- 
verted into sulfonic acids and dissolved in the 
excess sulfuric acid present in the reacting 
mixture. 

In the report on the sulfonation index, it 
was shown that the presence of the unsulfona- 
table (paraffinic and naphthenic) hydrocar- 
bons has an adverse effect on the binding and 
weathering properties of the tar. In that 
investigation, however, no attempt was made 
to evaluate the effect of these constituents on 
the structure of the tar. In this investigation 
the effect of the paraffinic and naphthenic 
constituents on the tar structure was of 
primary interest. 


CONCLUSIONS 


The data presented in this report are con- 
cerned chiefly with the effect on tar of the 
unsulfonatable hydrocarbons which have dis- 
tillation characteristics similar to those of the 
distillate from RT—2 to RT—4 grade road tars. 
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Some differences in behavior for the various 
types of base materials were obtained which 
are believed to be chiefly caused by differences 
in viscosity. It is probable that unsulfonata- 
ble materials which distill at a lower or higher 
range in temperature will show additional 
variations in behavior. It is believed, how- 
ever, that the fundamental cause of the phe- 
nomena observed is the same in all cases. As 
a result of this study the following conclusions, 
based on the behavior of the RT-2 to RT—4 
grades, may be drawn: 

1. The unsulfonatable hydrocarbons present 
in a tar blend have a flocculating effect on the 
dispersed phase of the tar. This effect in- 
creases as the percentage of unsulfonatable 
hydrocarbons increases until a separation into 
two phases results. 

2. Tests on filtered tars showed that, in 
addition to this flocculation of the dispersed 
phase, large amounts of unsulfonatable hy- 
drocarbons caused the development of incom- 
patibility of certain constituents originally 
soluble in the continuous phase. 

3. No evidence of the flocculation of the 
dispersed phase can be seen with the unaided 
eye until the separation point is reached. 
The progressive development of this floccula- 
tion for increasing percentages of Diesel oil 
can be seen by microscopic examination. 

4. The separation-point test is a means of 
measuring the relative compatibility of the 
constituents in a tar blend, and can be used 
as a rapid check in the laboratory to determine 
the uniformity of shipments from the same 
source. 

5. The separation-point test gives an indi- 
cation of the relative amount of unsulfona- 
table hydrocarbons in tars from the same 
source, but it cannot be used as an exact 
determination of these constituents in lieu of 
the sulfonation-index test. 

6. No attempt has been made to correlate 
directly the results of the separation-point test 
with service behavior or laboratory tests de- 


signed to show bonding strength or other road - 


building properties. Such correlations may be 
impossible to obtain because of the many 
complex factors that affect the quality of a 
road tar. However, it is believed that the 
compatibility of the various constituents in a 
road tar is an important one of these factors, 


and the separation-point test is a simple means 
of securing a relative measure of this property. 


PETROLEUM DISTILLATE CHARACTER- 
ISTICS 


There are a number of petroleum distillates 
available, all of which will give similar results 
when used as the diluent in determining the 
separation point. In this investigation, pre- 
liminary studies were conducted with four 
types of petroleum oil: A close-cut paraffinic 
distillate in the boiling range of kerosene, 
Bunker-B fuel oil, No. 2 grade fuel oil, and 
Diesel oil. It was found that separation oc- 
curred with lower percentages of the paraffinic 
distillate and Bunker-B fuel oil than with the 
No. 2 grade fuel oil or Diesel oil, the latter two 
giving comparable results. 

For the purpose of the investigation it was 
desirable to use a material that had the same 
general distillation characteristics as the tar 
distillate from the more fluid grades of tar, 
and also one in which the unsulfonated hydro- 
carbons would be chemically similar to the 
unsulfonated materials in the tars. 

Preliminary tests on several petroleum dis- 
tillates showed Diesel oil to have these desira- 
ble characteristics. Table 1 compares the 
characteristics of the Diesel oil and its un- 
sulfonated residue with a typieal distillate 
from a RT-2 grade tar, and with a composite 
sample of the unsulfonated residues from 
numerous samples of tars that had formerly 
been tested in the laboratory. The last- 
mentioned material was obtained by accumu- 
lating the unsulfonated residues from all the 
tars tested in the laboratory over a period of 
several years. The residues were combined, 
washed free of acid, separated from the water, 
and dried with anhydrous sodium sulfate. 

Table 1 shows the specific gravity, the index 
of refraction, and distillation characteristics 
for each of the distillates. These distillation 
data are plotted in figure 1. It is shown by 
these results that the unsulfonated residue 
from the tar distillates and the unsulfonated 
residue from the Diesel oil have very nearly 
the same boiling range, specific gravity, and 
index of refraction, and therefore must be 
chemically similar. It is also shown that the 
distillation curve of the Diesel oil itself does 
not vary greatly from that of the tar distillate. 


Table 1.—Comparison of test characteristics of various types of distillates 


Distillation characteristics: ! 





Specific gravity at.20°)2b0 Os — Belo ee eee kee 
Index of refraction ‘at 125° Cashes. Sees) be cee ae 


Initial bolling pointlo.. 22325 See ee degrees C 
Vapor temperature at which: 
5 percent boiled ‘of 52-. soe degrees C_- 
10 percent boiled Of) Ai: - eee do 
20 percent Doved One sae: eves) ae ee doe 
30 percent boiled off. i. ok ee Se es dof 
40 percent Dolled fae" 22. 5. se eee (OVP se 
BO percent hoiled ‘offic. 8, see eee ee ee Gove 
60 percent bolled ‘oils #5 .cs- oe. nee do== 
70. percent DOLpOCOn of oaeaoe ee ose sks, fafa 
80 Dercent DOUEd Of = 4 au. oe see ee Be dos 
85 percent: bolled ‘oils: bs ns ees GOln2e 
00 percent boiled: of 2 Sse =e ee ee dose 
05 percent boiled offs 56225 oe ee Go. 
nd Point. - lo.) ee ees Saeco eee ee do__ 
Volume distillate at end point__.....--..____-- percent 


Unsulfonated 


Unsulfonated| RT-2 tar residue trom 


Diesel oil | residue from distillate ett 

Diesel oil | (to 355° C.) | '8" pele 

0. 842 0. 808 0. 995 0. 827 

1, 469 1, 447 1, 587 1. 452 

125 195 145 213 

190 214 168 227 

205 222 189 233 

222 234 218 243 

233 243 230 251 

242 250 242 260 

251 259 254 270 

261 268 275 286 

280 286 312 300 

301 306 (2) 316 
310 320 3) ee ee ee ee 

321 322 (2) 349 

slsck Mate ctix@tall Bes aeah oe cole es a eee 349 

321 322 367 349 

92 93 95 


1 Distillation made using 20 milliliters in a 50-milliliter Engler distilling flask, with water-cooled condenser. 


2 Readings not obtained because of solids in the condenser. 
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UNSULFONATED RESIDUE 
FROM TAR DISTILLATES 


UNSULFONATED RESIDUE 
FROM DIESEL OIL 


Es 
i A DIESEL OIL 
Lae 


TEMPERATURE —DEGREES CENTIGRADE 








fe) 20 40 60 80 wlOg 
DISTILLATE-PERCENT BY VOLUME 


Figure 1.—Comparison of distillation prop- 
erties of Diesel oil, a tar distillate, and 
their unsulfonated residues. 


For further identification of the Diesel oil, 
the results of a number of standard tests are 
given below: 


Specific gravity at 25°/25° C_______ 0. 842 
Density at 35° C__._.gms. per cm?__  . 832 
Volume distillation characteristics (A. 

S. T. M. test method D158-41): 

Initial boiling point._degrees C__ 120 
Vapor temperature at which: 

10 percent boiled off_degreesC_. 194 

20 percent boiled off_...do_... 211 

30 percent boiled off__._.do__.. 229 

40 percent boiled off_.._.do_... 238 

50 percent boiled off._...do_... 248 

60 percent boiled off._..do_-.. 257 

70 percent boiled off-.._.do_.-._ 268 

80 percent boiled off....do_._._. 282 

90 percent boiled off._..do_--. 302 
End point. cs soaet ee eee do-cas Sols 
Volume distillate at end 

points 2. eee percent-- 94 
Residue at end point__---_- re (edi 5 
Weight distillation characteristics (A. 

S. T. M. test method D 20-30): 
Distillate to 300° C____. percent... 87.2 
Distillate 300-318° C____- (a Co pa cab. ET 
Residie-o 22 5 eee do... ta 

Sulfonation index: 
Distillate to 300°°Cl- 22 2 oa 66. 3 
Distillate 300-318° C._--.-__.-. 6.1 


Volume of Diesel oil unsulfonated 
percent_- 64 
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PROCEDURE FOR DETERMINING THE SEPARATION POINT OF TARS 


Weigh 10 milliliters of tar (weight cal- 
culated from density at 25° C.) into a flat 
2-ounce ointment can and add Diesel oil 
from a burette in increments so that each 
increment will increase the percentage by 
volume of Diesel oil in the final blend by 
2.5 percent.! The sample shall be stirred 
thoroughly after each addition of Diesel 
oil 23 and examined for evidence of separa- 
tion. When a definite precipitation or sep- 
aration remains after several minutes of 
stirring, this sample shall be set aside and 
Diesel oil added to other 10-milliliter por- 
tions of the tar so that the percentages of 
Diesel oil in the blends are 2.5, 5.0, 7.5, ete. 
percent‘ lower than that at which separa- 
tion was obtained with the initial sample. 
The blended samples shall be allowed to 
remain undisturbed overnight and then 
examined for separation. Their condition 
shall then be noted on the following basis: 

NS (No Separation)—The appearance 
and flow properties of a normal tar 
remain. 

VSS (Very Slight Separation)—No defi- 
nite separation can be detected, but 
the material does not flow as a normal 
tar. 

SS (Slight Separation)—Some evidence 
of separation, gelling, or precipitation 
can be detected initially, but after 
thorough stirring it is difficult to see. 

DS (Definite Separation)—Unmistak- 
able separation, gelling, or precipita- 
tion can be detected even after 
thorough stirring. 

The lowest percentage, by volume, of 


Diesel oil that causes slight separation (SS) 
shall be reported as the separation point. 
Sometimes the point of slight separation 
cannot be determined with precision and in 
such cases the percentage of Diesel oil that 
causes definite separation (DS) shall be 
reported as the separation point. 





NOTES 


1 The milliliters of Diesel oil added to a 10-milliliter 
sample of tar to give the required percentages of dilu- 
ent in mixtures are as follows: 


Sample B, the horizontal-retort tar, is of a 
type that is produced only in small quantities 
in the United States and it is rarely used in 
road-tar manufacture. 

Sample C, the vertical-retort tar, is usually 
blended with other types of material, such as 
a heavy water-gas tar, when used in a road 
tar. It is generally considered unsatisfactory 
if used alone. 

Sample D, the heavy water-gas tar, is one 
of a very large class of tars that exhibit con- 
siderable variation in properties. These tars 
are widely used as base materials for road-tar 
manufacture. 

Sample EH is an extremely viscous water-gas 


_ polumea Volume tar that would probably be blended with less 
ercentage adde Percentage added : . . 
of diluent GAL) of diluent Gal} viscous bases if used in a road tar. 

D5 Wee cee O26 27.5 3. 





9.0. cee. 06 -53 30.0....... 
TeDeccccres -81 32.5 

10.0. ...... 1.11 35.0 
WZ.5..c000- 1.43 37.5 

USO Fees Lelie 40.0 
LT.5..ceeee 2.12 42.5.. 
20.0.....-. 2.50 45.0... 
Z2Decccetes 2-90 AT Ds vesicles 
25.0.....-. 3.33 50.0. ...6.. 


2 Viscous samples, or those that are difficult to 
blend, may be warmed on a steam bath. The tem- 
perature should not be allowed to exceed 60° C. and 
the sample should be covered while on the steam 
bath. When it is known that the separation point 
will be relatively high, increments larger than 2.5 
percent may be added until the end point is ap- 
proached. 

3 All stirring should be done with a spatula, since 
a slight precipitation is more readily seen when the 
tar is allowed to flow over a flat surface. 

4 Usually the separation point is 2.5 or 5.0 percent 
lower than the point of definite separation deter- 
mined on the first samples so that three portions of 
the tar are sufficient to determine the separation 
point after settling overnight. However, if tests on 
three samples fail to give the desired range, additional 
tests must be made until the lowest point of slight 
separation is determined. 





After considerable experimentation with 
various size samples, various temperatures, 
and various methods of blending, the labora- 
tory procedure for making the test for separa- 
tion point was standardized as described 
in a separate statement on this page. 

A check on the precision of the test was 
conducted by having three operators deter- 
mine the separation point of a small group of 
specially prepared samples. The results of 
these tests are shown in table 2. In most 
cases the same observations were recorded, 
and in all cases except for sample 3-X, the 
same separation point was reported by all 
operators. For sample 3-X, operator 2 
reported the separation point as 35.0 percent, 
while operators 1 and 3 reported 32.5 percent. 
Since operators 2 and 3 had no instructions 
other than those in the written procedure, it 
was concluded that personal variations in 
determining the points at which separation 
occurs will not be great and close agreement 
should be obtained by different operators or 
laboratories when the same diluent is used. 


*TARS AND FLUXES FROM KNOWN 
SOURCES USED 


Through the courtesy of one of the tar 
manufacturers, five crude base tars from dif- 
ferent sources and four different types of 
fluxing material were obtained for use in this 
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investigation. The test characteristics of 
these materials are shown in table 3. 

Sample A, the coke-oven tar, is of a type 
that normally gives very good service when 
used as a road tar. 


Sample F represents a low-boiling coal-tar 
distillate, and sample G a medium-boiling dis- 
tillate. Both these materials are satisfactory 
fluxes when used in a balanced blend. 

Sample H, the low sulfonation-index water- 
gas tar, is rated as very good fluxing material 
for any type base. 

Sample J is reported to be the highest sul- 
fonation-index tar available to the manu- 
facturer who supplied the samples, yet it is a 
satisfactory flux when used in limited quan- 
tities. 

The tar acids were removed from the crude 
coal tars, samples A, B, and C, by distilling to 
270° C. and treating the distillate with sodium 
hydroxide. The residual tar oils were then 
separated from the caustic, washed, dried with 
anhydrous sodium sulfate, and recombined 
with the distillation residue. The tests 
resulting in the data shown in table 3, and all 
other tests, were conducted on these recom- 
bined samples. Samples D and FE were not 
treated but were used as received. 


SPECIAL PRESSURE FILTER USED 


In order to trace the effect of the unsulfo- 
natable hydrocarbons on the tar after remeval 
of the free carbon, a portion of each base tar 
was filtered. Tests with these filtered tars 


Table 2.—Comparison of the separation points of selected samples, determined by different 











operators 
Volume Condition of blend ! reported | Separation point 2? reported 
of Diesel by operator— by operator— 
Identification No. | ese 
il in 
blend 1 2 3 1 2 3 
Percent 
5.0 A 
j OD. Gee eer a ee 75 DS DS DS 5.0 5.0 5.0 
10.0 DS DS DS 
2.5| DS Ss Ss 
pe. 6 a a Se er eee ee 5.0 DS DS DS 2.5 2.5 2.5 
7.5 DS DS DS 
30. 0 NS NS NS 
LD, Ges 5. Se eee eee ee ee 32.5 SS VSS SS 82.5 35.0 32.5 
35.0 DS DS DS 
22. 5 NS NS NS 
a Ke i ees 8 ee eae woe ane eee 25.0 VSS VSS VSS 27.5 27.5 27.5 
27.5 DS DS S 
10.0 NS NS NS 
Ga Xo eS ee ass Sasa Kee eee 12.5 NS NS VSS 15.0 15.0 15.0 
15.0 SS SS SS 
2.5 DS DS DS 
PCat as Soe Ye eee Nae foe eee 4 5.0 DS DS DS 2. 5 2.5 2.5 
7.5 DS DS DS 





1 NS=no separation; VSS=very slight separation; SS=slight separation; DS=definite separation. 
2 Asrepresented by percentage volume of Diese] oil in blend. 


were conducted in parallel with tests on the 
unfiltered tars, except that the viscosity deter- 
minations of the Diesel-oil blends with the 
filtered tars were not made. The filtration 
was accomplished in a special pressure filter 
without the use of any solvent or diluent. 
This filter was designed and constructed 
according to the principle of that sketched by 
Volkmann, Rhodes, and Work.? 

The filter medium is an alundum extraction 
shell, 34 millimeters in diameter and 100 milli- 
meters high. Experiments showed that the 
coarse or medium porosity shells gave equally 
satisfactory results. Air pressure was main- 
tained manually at 50 to 60 pounds per square 
inch. The water bath was heated electrically 
and thermostatically controlled at the desired 
temperature. The flask receiving the filtrate 
was immersed in ice water to reduce evapora- 
tion losses. Samples A and C were filtered 
at 60° C. and samples B, D, and E were 
filtered at 90° C. 

Table 4 shows a comparison of the char- 
acteristics of the filtered and unfiltered tars. 
In all cases the specific gravity was reduced by 
filtration. The kinematic viscosity of the 
filtered samples showed a slight decrease for 
samples A and C, and a considerable decrease 
for sample B which contained a high percent- 
age of organic matter insoluble in carbon 
disulfide. For samples D and E the viscosity 
increased. This increase is believed to have 
been caused by evaporation losses. These 
samples (D and E) were more difficult to 
filter than the coal tars. 

The tar-insoluble material shown in the 
. last column of table 4 represents the car- 
bonaceous material that is suspended in the 
tar and can be seen under the microscope. 
The percentage of this material was calculated 
from the difference between the solubilities 
in carbon disulfide of the unfiltered and 
filtered tars. It is not the difference between 
the values shown in table 4 since the per- 
centage for the filtered tar is not on the basis 
of the total tar and this correction must be 
considered. The percentage of tar-insoluble 
material showed wide variations among the 
different types of tars. It is of interest to 
note that even though the organic material 
insoluble in carbon disulfide for the unfiltered 
coal tars A and C and the unfiltered water-gas 
tars D and EH showed only minor differences, 
there is a large difference in the amount of 
suspended matter present. All of the filtered 
tars were essentially clear of any suspended 
particles when viewed under the microscope. 

As a further check on the efficiency of the 
filtration, determination was made of the 
amount of material in a 10-gram sample of 
the filtered horizontal retort tar B, that was 
insoluble in 100 milliliters of nitrobenzene. 
The result of this test was 0.02 percent 
insoluble organic material. 


SEPARATION POINT RELATED TO 
BREAK-DOWN OF TAR 


In order to study the phenomena accom- 
panying the separation of the tar blend and 
to determine the effect of aging on the separa- 


2 Physical properties of coal tars, by E. W. Volkmann, E. O. 
Rhodes, and L. T. Work; Industrial and Engineering Chem- 
istry, vol. 28, No. 6; June 1936; p. 721. 
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Table 3.—Characteristics of bases and fluxes from known sources 


Hori- 


zontal- 


retort 


Sample identification 
Grade 
Specific gravity at 25°/25° O 
Engler specific viscosity: 

At 40° C 


Float test: 


Kinematic viscosity at 35° c. 


centistokes_- 
Carbon disulfide solubility: 


Organic insoluble material__.do__-_- 
Inorganic insoluble material_do-_-_- 
Water content 
Distillation (by weight): 

Total distillate: 

. 29 
2.02 
6. 79 

15. 83 
23. 39 
38.05 


75. 98 
38.0 


do. 
Residue from distillate to 300° C. 
percent _-_ 
Softening point of residue above 
300° C percent-- 
Sulfonation index: 
On total distillate to 300° C 
On distillate between 300-355° C_-__ 
On total distillate to 355° C 
Separation point 


! Too fluid for softening point determination. 





Fluxes 


Water-gas tar 
Coal-tar fluxes Axes 
Verti- | Heavy | Heavy 
cal- re- | water- | water- 
tort tar| gas tar | gas tar Low High 
sulfona-| sulfona- 


tion tion 


: 4 
32.5 25.0 


2 Miscible with Diesel oil in all proportions. 


Table 4.—Comparison of characteristics of filtered and unfiltered tars 


Specific gravity at 
25° C, 


Sample identification 


Unfiltered 


1,172 
1.197 
1, 103 
1.152 
1.161 


Filtered | Unfiltered 


Centistokes 





Kinematic » viscosity AA oath geetic 


Shae aes disulfide Lh eee 


soluble 
material 1 


Filtered | Unfiltered | Filtered 


Percent 
1.00 

15. 73 
1.41 
6.45 
4.78 


Percent 
5. 76 
23. 32 
5. 55 
7. 25 
6. 56 


Centistokes 
373 342 
31, 200 10, 000 
854 683 


12, 900 13, 500 
378, 000 415, 000 


1 Calculated from differences in organic material insoluble in carbon disulfide for filtered and unfiltered tar. This repre- 


sents the carbonaceous material suspended in the tar. 


Table 5.—Variation of separation point and precipitation point with age of blends tested 


Sample identification Test method 


Sample A: 
Unfiltered 


Unfiltered 


Filtered 
D 


Unfiltered 
Filtered 
Do 


Unfiltered 
Filtered 
Do 


Unfiltered 
Filtered 
D 


1 Determined by microscopic examination. 


tion point, series of blends with Diesel oil 
were made for filtered and unfiltered portions 
of each base tar. The percentage of Diesel 
oil was varied from zero up to the separation 





Percentage of Diesel oil in blend showing slight 
separation after aging test blends for— 


1 day 2 days 7 days | 30 days 


SSS 


> 


. 


88 388 888 
an noo Ono Con 


os 


SSS 883 S88 88 
ane ACG Cam ao 


point and observations made during a period 
of 30 days. The percentage of Diesel oil in 
the blend showing a slight separation for the 
various periods of aging are shown in table 5. 
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FILTERED TAR-DIESEL OIL BLEND 


AT MICROSCOPIC PRE- 


AT SEPARATION POINT 


TAR-DIESEL OIL BLEND 


ORIGINAL TAR 


CIPITATION POINT 


AT SEPARATION POINT 


COKE-OVEN 
TAR A 


HORIZONTAL- 


RETORT 


TAR B 


VERTICAL- 


RETORT 


TAR C 


HEAVY 


GAS 


TAR D 


WATER 





EXTREMELY 


VISCOUS 


WATER-GAS 


TARE 
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In addition to the usual observations for 
separation point, blends of the filtered tar 
were also examined under the microscope 
and the blend containing the lowest per- 
centage of Diesel oil which showed the 
presence of precipitated particles or a separa- 
tion into two phases, was recorded as the 
precipitation point. These data are also 
shown in table 5, 

In all of the blends shown in table 5, the 
degree of the separation increased with the 
age of the blend. When separation . first 
occurred the presence of two phases was 
often difficult to determine but upon standing 
there was a definite formation of a bottom 
phase, which became increasingly more 
viscous, and a top phase, which became less 
viscous and free of any flocculated particles. 
For all the unfiltered tars except sample A, 
there was no change in the separation point 
between 1 and 30 days. For sample 4A, 
the separation point decreased 5 percent in 
30 days. For the filtered tars, the separation 
point decreased 5 percent from 1 to 30 days 
in all cases except for sample B. For sample 
B, the separation point was constant after 
1 day, but there was a 5-percent decrease in 
the 1-day period. The observations with the 
microscope showed that there was only a 
slight change in the precipitation point after 
1 day, and in the cases where a change 
occurred (sample C, 30 days, and sample D, 
30 days) the amount of precipitation was 
extremely small. These results indicate that 
the changes in the appearance of the blends 
with age is caused chiefly by a mechanical 
settling of the flocculated particles and that 
the chemical equilibrium established after 1- 
day aging is only slightly affected by time. 

The precipitation point determined with 
the microscope indicates a break-down in 
the structure of the tar and can be determined 
precisely. However, this determination re- 
quires the use of considerable special appara- 
tus and is time consuming. The separation 





point is closely related to this precipitation 
point and the simplicity of the method makes 
it a more valuable laboratory test. 

Microscopic study of all the blends involved 
in the determination of the separation points 
shown in table 5 showed that for the unfiltered 
tars there was a progressive flocculation of 
the dispersed phase with increasing percent- 
ages of Diesel oil. Photomicrographs were 
made to show this effect and also to show the 
appearance of the tars at the various critical 
points. 

Photomicrographs of each base tar, the 
appearance of the blend at the separation 
point, the appearance of the filtered tar at 
the precipitation point, and the appearance 
of the filtered tar at the separation point are 
shown in figure 2. In each part of the figure, 
the type of tar and the percentage of Diesel 
oil in the blend are indicated by letter and 
number. The blends for all these photo- 
micrographs were 1 day old and the pictures 
were taken of fresh slides that stood undis- 
turbed for approximately 15 minutes, until 
all movement stopped. The slides were made 
with a sliding gage which gives a film thick- 
ness of 0.001 inch except. those shown in 
figures 2B and the 2H series, which were 
0.0005-inch films. No cover glass was used 
for any of these photomicrographs. The mag- 
nification in all cases is 58 diameters. 

The coke-oven tar A has the most finely 
divided particles of any of the base materials 
studied. The separation point for this tar 


resulted from the flocculation of the dispersed 


phase and the precipitation of these conglom- 
erates from the tar blend. When viewed 
immediately, the precipitated particles in the 
filtered tar had a fine lacy structure and were 
evenly distributed throughout the field. How- 
ever, they quickly coalesced, forming closely 
clustered masses. The photomicrograph of 
the 1-day old blend shows these clusters after 
coalescence into larger groups (top rigbt illus- 
tration, fig. 2). 


The horizontal-retort tar B was very difficult 
to photograph because of its high concentra- 
tion of free carbon. It was necessary to use a 
0.0005-inch film thickness for the original 
material. The precipitated particles in the 
third illustration in the B series, figure 2, 
were evenly distributed when the slide was 
first made, but they quickly formed the pattern 
shown. The same is true for the fourth illus- 
tration in the B series. Small droplets of 
excess oil which had separated from the mass 
of the tar were visible under the microscope, 
but these are obscure in this photomicrograph. 

The vertical-retort tar C (fig. 2C) showed 
essentially the same type of behavior as did 
the coke-oven tar A. One important differ- 
ence between these two materials which can- 
not be shown by the photographs is the 
difference between the color and opacity of 
the continuous phase. The film for the coke- 
oven tar A is a brownish red and requires a 
considerably greater light intensity for photo- 
graphing than does the yellow film for the 
vertical-retort tar C. The dispersed particles 
in the original tar are initially larger for 
sample C than for sample A. 

The water-gas tar D (fig. 2D) shows evenly 
distributed small bodies throughout the tar 
with large, very black particles scattered un- 
evenly. These particles will settle from the 
tar on long standing and are not an integral 
part of the tar system. For this material, the 
separation is chiefly a ‘separation into two 
liquid phases. This is most clearly shown by 
the filtered tar blend in the last illustration 
in the D series, figure 2. 

The extremely viscous water-gas tar E (fig. 
2E) shows considerably more of the large 
carbon particles than does sample D. The 
separation in this case occurs when the tar 
cannot dissolve any more Diesel oil and the 
very light oils separate out, leaving the bulk 
of the tar with generally the same appearance 
as the original. Slides of this material are 
very difficult to make because of the lubri- 
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ee 
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Figure 3.—Photomicrographs of blends of coke-oven tar A and water-gas tar D with Diesel oil, showing progressive flocculation of the 


dispersed phase. 
letter and number. 
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The type of tar and the percentage of Diesel oil in each blend are indicated at the bottom of each photograph by 
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Table 6.—Characteristics of special blends with heavy water-gas tar D 











Diesel oil added Total Diesel oil in 











Composition by volume eon gi PADS ie to reach separation | blend at separation 
viscosity point point 
of unfil-_ |_— ST a__ry me 
B Light Unfil Sapte |) Undil 
tar” | Water- | Diesel | ‘tareq | Filtered | Sample | 9n8'- | Filtered | Unfl- | vitterea 
D ee oil sample sample C. sample sample sample sample 
Centi- 

Percent| Percent| Percent stokes Percent Percent | Percent | Percent 
65 35 0 1.144 1.136 452 37.5 37.5 37. 6 37.5 
65 28 7 1.129 1.126 353 32. 5 32.5 37.2 37.2 
65 21 14 TLE 1.104 250 27.5 27.5 37.6 37.6 
65 14 21 1.095 1. 086 191 17.5 17.5 34.8 34.8 
65 7 28 1.075 1.071 196 10.0 10.0 35, 2 35. 2 
65 0 85 1. 061 1. 054 252 | 0 0 35. 0 35.0 








cating effect of the separated oil which pre- 
vents an even distribution of the tar—Diesel 
oil film. 

The photomicrographs (magnified 58 times) 
shown in figure 3 are typical examples of the 
progressive flocculation of the dispersed phase 
which occurs when increasing percentages of 
Diesel oil are added to the unfiltered tar. In 
these cases the 0.001-inch tar film was covered 
immediately with a cover glass which pre- 
vented the pattern formation previously dis- 
cussed. The type of tar and the percentage 
of Diesel oil in the blends are indicated by 
letter and number, in each part of the figure. 
It is noted that the flocculation of the dispersed 
phase has progressed to an advanced stage 
before separation occurs. The blends shown 
in figures 3A—25 and 3D-380 are 2.5 percent 
below the separation point. The point at 
which visual separation occurs cannot be de- 
termined under the microscope by any sudden 
change in the appearance of the blends of the 
unfiltered tar. 


VISCOSITY OF TAR HAS SLIGHT 
EFFECT ON SEPARATION POINT 


In these series of blends there were wide 
differences in the viscosities of the original 
materials, and the various amounts of Diesel 
oil added gave blends that were widely differ- 
ent in viscosity at the separation point. A 
limited study of blends of approximately the 
same viscosity was made, using the heavy 
water-gas tar D as the base material. Six 
blends were made, with a constant volume of 
65 percent of the base material and 35 percent 
of a flux made up of combinations of the light 
water-gas tar H and Diesel oil. The propor- 
tion of Diesel oil in the flux varied from 0 to 
100 percent in 20 percent increments. The 
composition and characteristics of these 
blends are shown in table 6. The appearance 
of each of these materials 1 day after blending 
is shown in figure 4, and the same identifying 
letters are used as in table 6. These photo- 
micrographs, of 0.001-inch films magnified 58 
times, show progressive flocculation with 
increasing percentages of Diesel oil in essen- 
tially the same manner as did the base 
materials already shown. 

The last two columns of table 6 show only 
a slight downward trend in the total amount 
of Diesel oil at the separation point as the 
amount of true flux, H, is decreased. If the 
viscosity of the combination of the base tar 
and flux H be considered, it is seen that this 
series is equivalent to a series of tars ranging 
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from approximately RT-4 (viscosity range 
of blend a) to RT-8 (viscosity range of base 
tar) and thus it is indicated that the viscosity 
has only a minor influence on the separation 
point. The kinematic viscosity data shown 
in table 6 indicate a break in the viscosity— 
composition curve of the unfiltered tars 
caused by the increasing flocculation. The 
viscosities of blends e and f rise slightly 
instead of decreasing as would be expected by 
the trend of decreasing viscosity for additional 
Diesel oil established by the blends a 
through d. 


UNSULFONATABLE HYDROCARBONS AT 
SEPARATION POINT VARY 


In order to study the effect of unsulfonat- 
able hydrocarbons on the properties of RT-2, 
RT-8, and other grades of road tar, a number 
of combinations of the base and flux materials 
shown in table 3 were made. Diesel oil was 
also added when materials of very high sulfo- 
nation indexes were desired. To obtain base 
materials of the same order of viscosity, it 
was necessary to distill samples A and C to 
270° C. The residues from these distillations 


oil. 





were then used as the base material in all the 
blends for samples A and C. 

Table 7 shows the results of various tests 
made on a series of blends for each base tar. 
The blends with suffix number / represent a 
balanced road material made up in accordance 
with the suggestions of the producer who 
supplied the material. These blends are be- 
lieved to be representative of the best prac- 
tices for manufacturing road tars of the RT-2 
and RT-8 grades using only a single type of 
base material. Photomicrographs of these 
blends show them to have the same general 
appearance and very nearly the same degree 
of dispersion as do the original base tars. The 
blends with suffix number 2 contain the same 
percentages by weight of base and light flux, 
but the medium fluxing material has been 
replaced with the same percentage of the high 
sulfonation-index light water-gas tar, J. In 
all cases, except for sample A in which no 
change was noted, the separation point was 
less when sample J was used. No appreciable 
flocculation could be detected in these blends. 

The blends with suffix numbers 3 and 4 
were made using only the light water-gas tars 
as fluxes. For the number 3 blends sample J 
(high sulfonation index) was used, and for the 
number 4 blends sample H (low sulfonation 
index) was used. In these cases the separa- 
tion point was less for the number 3 blends, 
which contained the greater amount of unsul- 
fonatable hydrocarbons, than for the number 
4 blends. The blends with suffix number 4, 
made with samples A and D, each contain the 
same percentage of unsulfonatable hydro- 
carbons as did the number 3 blends of the 
respective material, but the source of the flux 
and the sulfonation residue differs. The flux 
for the number 5 blends was a mixture of 
Diesel oil and sample H. In each case the 
separation point was 2.5 percent (one incre- 


aie sfx Gitte 
Figure 4.—Photomicrographs of blends of water-gas tar D containing 65 percent by volume 
of the base tar and a flux of various proportions of light water-gas tar H and Diesel 


The proportions of the flux in each blend are indicated at the bottom of each 


photograph, the first number being the percentage of tar H, and the second number 


the percentage of Diesel oil. 
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Table 7.—Characteristics of blends of base tars with various fluxes 








Composition 














Sulfona- Total vol- 











- ——--——— ———— — : p , f 
Specific Kine- | tion Se ee 
; : F : ‘ para- | unsulfonat- 
Blend identification Base Medium flux Light flux gravity matic index to tion abla distiie 
Nat estat. No mes ee eae, = at viscosity | 355°C. oint .\late‘at se 
PI a 25°/25° ©.| at 35° G.| (caleu- | P elerpe 2 
eect Weight | Volume eat 28 Weight | Volume | Identification | Weight | Volume lated) point 
Centi- 
Blends with tar A Percent | Percent Percent | Percent stokes Percent 
ADA es nt eee Al 70.0 67.7 H 15.0 16.0 1. 164 298 0.4 27.5 17.9 
7 ES See SS SB be Sel Sa Al 70.0 65.8 ve 15.0 17.0 15 00 gal wee See 2.3 27. 6 19.5 
Ans SOR Bete “1 70.0 66.0 I 30.0 34.0 1.149 847 5.0 20.0 17.4 
ee. cele Nae ee eh Al 70.0 67.4 H 30.0 32.6 170 RRs ese ae 27.5 17.9 
OK Ee pela) lad oh Neenah Bie Al 70.0 65. 2 H 24.9 27.9 1.135 835 5.0 22. 5 19.0 
A =6 fest to eae = oe 2 Al 70.0 63. 8 I 15.0 16.4 Pade 851 13.0 2.5 15.8 
0 Ey ge a Oe ae Al 70.0 62.7 Vg 7.5 8.1 1.003 9) = ee 17.6 (2).¢¢ 2] See 
Blends with tar B. 
D3) Ree Spt eae 6 Ded gf Pa B 70.0 66. 3 G 15.0 16.1 1.179 232 .4 12.5 8.4 
SI, Pade | Meaglbes ponlpenaet x jap peak Bo B 70.0 65. 5 I 30.0 34.5 1. 160 1, 158 4.2 5.0 7.9 
BeGE eR Teele he ee re B 70.0 63.3 I 15.0 16.7 AS126) | Ee 13.1 (4))) Reese 
Blends with tar C: 
CITA BEE Se eee C1 68.0 66. 1 G 16.0 16.2 1.116 264 2.2 32. 5 22. 5 
OS ETE Scars 2 eee ee | Gia 68.0 65.1 I 20.0 21.8 T2100(e| St eee ee 4.7 27. 5 21.4 
GCog2 eS eae Ca 68. 0 65. 2 ig 32.0 34.8 1.101 885 6.1 17.5 16.7 
ClO AEE, C1 68.0 66. 7 H 32.0 33.3 121270") Eee) 2.1 30.0 20.8 
(ON ep ene 2S ee (oi 68. 0 65. 5 I 16.0 15. 7 991 863 14.0 SEE C) Weare (sega, en te 
C7 Je oi 68.0 64.5 if 8.9 ded O7GAN Son ace eee 18.7 (3s OE eee 
Blends with tar D. 
Dal ae sia ee ee D 67.0 64.8 G 20.0 20. 6 1,132 173 .5 40.0 25.9 
D8 ss ee eee to eee D 67.0 63. 6 Ti 20.0 22.0 Loli 2 Ses ee 3.0 37.5 26.1 
VO es Ft 8 ee PE BY) 5 D 67.0 63. 7 If 33. 0 36. 3 1. 109 452 4.5 27.5 21.2 
D2 fit Se eae: Le Re D 67.0 65.3 H 33.0 34. 7 a bis 2 ha ica .4 40.0 25.9 
iP pee. a Rees D 67.0 64.1 Ti 27.5 28. 4 1, 121 452 4.5 30.0 22.8 
MB Bie ea he ine ans er tadigh Ae: N D 67.0 61.4 i; 16.5 Livan 1. 074 298 14.4 10.0 20.1 
D2) 2 aera” Teens D 67.0 60. 8 ii 8.3 Fog? 1. 056 347 19. 2 2.5 20. 4 
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1 Residue from distillation to 270° C. 


ment) higher for blend 5 than for blend 3. 
Photomicrographs showed no discernible dif- 
ference in the degree of dispersion in these 
tars. 

The blends with suffix numbers 6, 7, and 8, 
together with number 3, form a series in which, 
for each tar, a constant percentage by weight 
of base tar was blended with a flux in which the 
amount of unsulfonatable hydrocarbons varied 
greatly. The flux for the number 6 blends 
contained 50 percent by weight of Diesel oil 
and 50 percent by weight of sample 7. The 
flux for the number 7 blends contained 75 
percent (by weight) Diesel oil and 25 percent 
sample J. For the number 8 blend with sam- 
ple D, the flux was 85 percent (by weight) 
Diesel oil and 15 percent sample J. The 
blends for each of the base materials showed 
the same behavior as the series reported in 
table 6 for the water-gas tar D; that is, those 
blends with smaller amounts of tar flux and 
greater amounts of Diesel] oil showed increasing 
flocculation of the dispersed phase as the 
percentage of Diesel oil increased. 

Unusual behavior was shown by the blends 
from sample B, the horizontal-retort tar. 
These samples formed a gel with Diesel oil at 
percentages considerably lower than the point 
at which two distinct phases could be de- 
tected. Microscopic examination showed that 
this gelling was caused primarily by the high 
concentration of the flocculated particles. 
These formed a lacy network which, upon 
standing, developed a structural strength 
from the coherence of the tar particles. 
After standing overnight, containers holding 
these samples could be inverted without 
causing flow. After stirring, however, the 
material flowed freely. Special blends were 
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made using the filtered tar as base, with the 
same percentages of flux as was used in the 
B-1 and B-3 blends. This filtered B-1 
blend had a precipitation point (microscopic) 
of 12.5 percent, and the filtered B—3 blend had 
a precipitation point of 2.5 percent. These 
points were in close agreement with the point 
of gelling, 12.5 percent for B-1 and 5.0 
percent for B—3, determined for the unfiltered 
blends. The separation point for the filtered 
blends was 20 percent for B—/ and 10 percent 
for B-3. 

The final column in table 7 shows the total 
percentage of unsulfonatable material present 
in the test blend at the separation point, as 
calculated from the amount in the Diesel 
oil added and from that contained in the 
tar as determined by the sulfonation index. 
The amount of unsulfonatable hydrocarbons 
that can be tolerated by each tar is approxi- 
mately constant. Much of the variation in 
each group of blends is caused by the method 
of test for the separation point, since the Diesel 
oil was added in increments of 2.5 percent, 
each increment representing 1.6 percent of 
unsulfonatable material in the blend. 

Another source of variation is the large 
difference in the amount of good tar flux 
present in the blends, since this material will 
tolerate more Diesel oil than will the base tar. 
The average value of the percentage of paraf- 
finic and naphthenie hydrocarbons required 
to cause separation varied for each base 
matérial, with the lower values being obtained 
with the coal tars. These values were 17.9 
percent for sample A, 8.1 percent for sample 
B, and 20.3 percent for sample C. The 
values for-the water-gas tars were 23.2 per- 
cent for D, and 21.3 percent for E. 


2 Blend separated. 


The blends reported in table 7 were made 
with a limited number of materials and in 
most cases essentially all of the unsulfonatable 
hydrocarbons present in the various blends 
were from the Diesel-oil flux. In order to 
obtain data that would be more representative 
of the materials which are encountered in 
practice, a number of trade tars were tested. 
These tars were selected so as to give as wide 
a range in the sulfonation index as was pos- 
sible. The very high sulfonation-index tars 
selected include almost all such tars submitted 
to the laboratory over a period of several 
years and are not typical of the usual road tar 
submitted for routine analysis. Some of the 
test characteristics for these materials are 
shown in table 8. Comparison of the separa- 
tion point with the sulfonation index shows 
that there is a definite trend toward a decreas- 
ing separation point for an increasing sulfona- 
tion index of the total distillate to 355° C. 
This is also shown by the close agreement of 


the total amount of unsulfonatable distillate — 


required to cause separation (last column of 
table 8), since for an exact inverse relation 
between sulfonation index and separation 
point this value would be a constant. 

There are some materials that show devia- 
tions in this value which are considerably 
larger than can be attributed to experimental 
error. This is probably caused by a low 
resistance to flocculation of the particular 
base tar or by an unbalanced blertd of tar 
materials. In general, however, neither the 
grade of the material nor its source (as repre- 
sented by the producer) made any definite 
difference in the amount of unsulfonatable 
hydrocarbons that could be tolerated by the 
tar. The average percentage of unsulfonata- 
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ble hydrocarbons in the blend at the separa- 
tion point is 21.9. The average deviation 
from this mean is + 2.2 percent. Since, as 
previously noted, the procedure for the deter- 
mination of the separation point requires the 
Diesel oil to be added in increments of 2.5 
percent, which equals 1.6 percent unsulfona- 
table material, it is concluded that most tar 
being used for the manufacture of road ma- 
terials will separate with essentially the same 
percentage of paraffinic and naphthenic hydro- 
carbons. - 

Microscopic examinations of the trade tars 
show that, as was the case with the laboratory 
blends, the degree of flocculation of the par- 
ticles in the tar increases as the separation 
point decreases. This is shown by the photo- 
micrographs in figure 5, in which / and 12 are 
samples so identified in table 8 (sample X 
illustrated in figure 5 is not included in table 
8). It should also be noted that those mate- 
rials that have lower separation points than 
would be indicated by the sulfonation indexes 
are flocculated to a greater degree than are 
those having separation points more consistent 
with the sulfonation indexes. This is indi- 
cated by the appearance of the tars shown in 
figures 5-12 and 5-X. There is a wide differ- 
ence in the separation points of the two tars— 
12.5 for the sample in figure 5-12 and 2.5 for 
the sample in figure 5-X—while the sulfo- 
nation indexes of the total distillate to 355°C. 
are 7.5 and 8.8, respectively, which is equiva- 
lent to a difference of only 1.3 percent in 
unsulfonatable material. 


KINEMATIC VISCOSITY—COMP OSITION 
CURVES 


The effect of the unsulfonatable hydro- 
carbons on the kinematic viscosity of tars was 
studied by blending the base tars and selected 
trade tars with various percentages of either 
Diesel oil or a coal-tar distillate (sample F, 
table 3). The kinematic viscosities of these 
blends at 35° C. were determined by means of 
a capillary viscosimeter.® 

In order to insure uniform blending, the 
blends of the base tars were prepared by add- 
ing the desired amount of flux and warming in 
a closed container on the steam bath to 


3 This viscosimeter and the procedure for making the test 
is the same as that described in the report The determination 
of the kinematic viscosity of petroleum asphalts with a capillary 
viscosimeter, by R. H. Lewis and W. J. Halstead; PUBLIC 
RoapDs, vol. 21, No. 7; September 1940; p. 127. 





Table 8.—Test characteristics for various grades of road tars 
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Sulfonation index Volume 
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approximately 60° C. The sample was then 
stirred until a uniform blend was obtained. 
The blends with the RT-2 and RT-8 mate- 
rials were made at room temperature. 

The viscosity tests of all the blends in 
which the coal-tar distillate was the diluent 


Figure 5.—Photomicrographs of trade tars showing variations in degree of flocculation 


with variations in the separation point. 


The percentage of Diesel oil added to the 


tar at the separation point is indicated by the left-hand number at the bottom of 
each photograph; the sulfonation index on the total distillate to 355° C. by the right- 


hand number. 
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were not affected by the period of aging or 
the amount of stirring of the material before 
testing. It was concluded that in the pro- 
portions used for these tests the tar distillate 
was completely compatible with all the tars. 
The blends with low percentages of Diesel 
oil in which the flocculation was not excessive 
generally had the same viscosity at the top 
and bottom of the sample and also after stand- 
‘ing overnight without stirring. The blends 
with percentages of Diesel oil near or greater 
than the separation point gave erratic results. 
Such blends were allowed to stand overnight 
in the viscosimeter tube and brought to test 
temperature without stirring. The capillary 
tube was then immersed to a depth of 0.2 
centimeters for the first test and to a depth of 
2.0 centimeters for the second test. In cases 
where a definite separation into two phases 
had occurred, the depth of immersion of the 
capillary tube for the second test was adjusted 
so that the tip of the tube was in the lower 


phase. The viscosity of each phase was thus 
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Table 9.—Kinematic viscosity of base tars blended with various percentages of Diesel oil 


and coal-tar distillate 


Kinematic viscosity at 35° C. 




















Identification of tar and volume of diluent in sample Coal:tar Diesel-oil blends 
distillate —— 
blends Top Bottom 
Coke-cven tar A ! with diluent percentage of: Centistokes Centistokes Centistokes 
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Heavy water-gas tar EH (extreme case) with diluent percentage of: 
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10102 Soe ee Pin Fn Ey ee oh ie ewes 17, 800 43, 700 43, 700 
DOO cmiaden 5 aces ee ee oe ee ee 2 ee See 1, 980 15, 000 15, 000 
2B DL ae ee ES. eee = SCE Be Ge ee ee a 3, 270 3, 270 
BOA! Soe ce eas ST eee SA, eB Eee Oe UES ee | See ee 4, 050 15, 000 
ffs arpa eee tel as AS EN oe Pe Gy. SEIN SOD sie op Pry RT || ES OS Ta os et DiD60 =o] See ee nee 
BOO fe ees ee 2a ts ee eae ees ee ee 320 16.6 28, 500 
AQH) acre ae pg ee See Nel ge eae 70, ia | oe = 1, 050, 000 


1 Residue from distillation to 270° C. 


determined. Because of the grainy or floc- 
culated characteristics of the lower phase, 
check results varied greatly and only an 
approximate average value could be deter- 
mined for this portion of the material. 

Tables 9, 10, and 11 show the results of 
these viscosity tests. Table 9 shows the data 
for the base tars, table 10 gives the results for 
the RT-2 and RT-8 tars made by fluxing the 
base tars in the laboratory, and in table 11 
are shown representative samples of RT—2 and 
RT-8 trade tars. 

These data were plotted, using a viscosity 
scale the same as that for the modified vis- 
cosit* temperature charts (A. 8. T. M. method 
D 341-39) for the ordinates. A natural scale 
for the percentage of Diesel oil in the blend 
was used for the abscissae. All the curves, 
with the exception of that for the RT-3 tar 
made with horizontal-retort tar B as the base, 
were similar in appearance. 

Typical examples of these curves are shown 
in figure 6 for the blends of sample A (table 
9), the coke-oven base tar (270° C. distillation 
residue); for sample D (table 9), made with 
the heavy water-gas tar; for sample 1 (table 
11), the RT—2 trade tar; for sample A—/ (table 
10), the RT-3 tar made from the coke-oven 
tar base; and for sample 25 (table 11), the 
RT-3 trade tar. The peculiar behavior of 
tar—-Diesel oil blends of sample B-1 (table 
10), the RT-3 from the horizontal-retort tar, 
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is also shown in figure 6. On the same grid 
is also shown a curve for coal-tar distillate 


blends. The data for this curve are as 
follows: 
Volume of Kinematic 
diluent viscosity 
in sample at 35° C. 
Percent Centistokes 
Uae eee ok ee ee |= SI eee 232 
1 | pees Are er See ae oe ee 89. 5 
20) oes surteel RT ee eh eee 47. 3 
SOL. USE fe eee ees Eee ah 31. 4 


In figure 6, the coke-oven tar A shows the 
effect on the viscosity when the separation is 
that of excess “‘oil’’ separating from the tar. 
In this case there is a considerable range in 
which there is only a very small change in the 
viscosity, with increasing amounts of Diesel 
oil. After the separation point has been ex- 
ceeded the viscosity of the top phase becomes 
very low while the bottom shows a more 
gradual increase. For sample A-1, an RT-3 
from coke-oven tar, there is no wide range of 
equal viscosity. Upon separation both phases 
retain liquid characteristics and the difference 
between the value for the viscosity of each 
phase increases more slowly. The separation 
for base tar D may also be classed as a separa- 
tion into two liquid phases and the curve has 
the same general shape as that for the RT-3 
(sample A—1). For the RT-2 trade tar (sam- 
ple 7) and for the RT-8 trade tar (sample 25), 


the separation is a settlement of flocculated 
particles with the formation of a grainy mass 
after standing. The RT-2 is a low sulfona- 


tion residue tar. with a separation point of 


32.5 percent. 
tar and has a separation point of 7.5 percent. 
Both curves show a very rapid increase in the 
viscosity of the bottom phase. 

For all the blends made with coal-tar distil- 
late, the curves are approximately straight 
lines, with greater slopes than for the initial 
portion of the curves for the Diesel-oil blends 
for the same tar. 

The peculiar behavior of sample B-1, the 
RT-3 made from the horizontal-retort tar, 
results from the gelling action caused by the 
high concentration of the flocculated particles. 
As the amount of Diesel oil is increased, the 
size and concentration of the flocculated par- 
ticles increases and thus the resistance to flow 
also increases and the apparent viscosity of 
the blend increases. When the amount of 
Diesel oil increases to such an extent that an 
excess of oil is present this separates out on top 
while the bottom retains much the same ap- 
pearance as the gel except that it becomes 
increasingly more viscous. 

In general, the erratic changes in curvature 
of these viscosity—composition curves with 
increasing amounts of Diesel oil reflect the 
developments of incompatability of the com- 
ponents of the blend. This was shown by the 
studies with the microscope to result in the 
flocculation of the dispersed phase followed by 
the precipitation of some of the constituents of 
the continuous phase. The percentage of 
Diesel oil in the blend at the point of separa- 
tion for the viscosity curves for the top and 
bottom of the samples corresponds closely to 
the separation point determined in the usual 
manner. Comparisons of these values are 
shown in table 12. Exact agreement is shown 
in five cases and in eight cases the separation 
point determined by the usual] procedure was 
2.5 percent (one increment) higher than that 
determined from the viscosity curves. In one 
case (sample C) the separation point by the 
usual procedure was 5 percent lower than that 
from the curves. 


UNIFORMITY CHECKED BY 
SEPARATION-POINT TEST 


While the separation point is not an exact 
measurement of a distinct property of a tar, 
these results show it to be a valuable indica- 
tion of the compatibility of the components 
in any tar blend. This compatibility is 
closely related to the amount of unsulfonat- 
able hydrocarbons present in the tar, but the 
relation between the separation point and the 
sulfonation index is not sufficiently exact to 
enable the separation-point test to be used in 
lieu of the sulfonation-index test. Further 
study of road tars with this test or similar 
tests based on the same principle to develop 
correlations with service behavior is believed 
necessary before it can be used in specifica- 
tions. 

The simplicity of the nes suggests several 
practical uses by those engaged in testing or 
conducting research on road tars. One such 
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The RT-3 is a high sulfonation — 








application is its use as a control test to check 
the uniformity of shipments from the same 
source and to indicate contamination with 
petroleum products if this should occur. 
This is illustrated by the results obtained on 
two samples of the same RT-—2 grade road tar. 
This material was tested and the storage tank 
sealed. The sulfonation index was 4.5 (on 
the total distillate to 355° C.) and the separa- 
tion point was 27.5 percent. The first dis- 
tributor load from the storage tank was tested 
and the separation point was found to be 5 
percent. The sulfonation index was 18.0 
(on the total distillate to 355° C.). Investiga- 
tion showed that the distributor had been 
filled with cut-back asphalt, RC—2, the previ- 
ous day and apparently had not been cleaned 
before loading with tar. While overnight 
settling is necessary for a final result, definite 
indications of unusual conditions are obtained 
in the laboratory in only a few minutes by 
the use of the separation-point test. 

Another application of this test is its use 
in research investigations as an indication of 
the compatibility of the constituents and as 
a measure of the changes in compatibility 
of the various tars being studied. In such 
applications, exact duplication of the pro- 
cedure and flocculating agent (Diesel oil) 
used in this work would not be necessary as 
long as the same material and procedure is 
used throughout a series of tests. 


THEORETICAL EXPLANATION OF 
DIESEL-OIL ACTION 


A theoretical explanation of the phenomena 
shown in the test for separation point is sug- 
gested by the correlation of the results with 
the theory of the structure of tar and other 
bituminous materials. Most authors  at- 
tribute changes in the dispérsion character- 
istics or mutual solubility of the hydrocarbons 
to a change in surface and interfacial tension 
as a result of some outside influence. O 
discussed this theory in explaining the funda- 
mental significance of the Oliensis spot test 
for asphalts.4 

He described the action of the naphtha 
‘used in the test as weakening the surface 
tension of the lighter phases in the asphalt, 
thereby increasing the interfacial tension 
between them and the heavier phases, and 
impairing the mutual solubility. The degree 
of impairment is made a constant in the 
Oliensis test. The asphalts that develop 
negative spots have mutual solubilities (phase 
relations) which are so stable they are not 
destroyed by the standard amount of naphtha; 
hence no insoluble dispersion results. On the 
other hand, those materials giving positive 
spots do not have stabilities sufficient to 
prevent incompatibility of certain constituents 
when subjected to the action of the solvent, 
and a precipitation of these constituents 
results. The separation-point test for tars 
involves the same fundamental principles. 
In this case the ‘disturbing influence” or 
“flocculating force’ is varied by adding 

4 Fundamental significance of Oliensis spot test—Quantita- 
tive tests for homogeneity, by G. L. Oliensis; Proceedings of 


the 44th annual meeting of the American Society for Testing 
Materials, vol. 41; 1941; p. 1108. 
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Oliensis. 


Table 10.—Kinematic viscosity of fluxed tars blended with various percentages of Diesel oil 


Identification of tar and volume of Diesel oil in sample 


sae A-1 (RT-3 tar) with diluent percentage of: 





Kinematic viscosity at 35° C. 


Top Bottom 


Centistokes Centistokes 


1 Material semisolid, wide variations in results makes actual viscosity indeterminable. 


Table 11.—Kinematic viscosity of trade tars blended with various percentages of Diesel oil 
and coal-tar distillate 








Identification of tar and volume of diluent in sample 


Kinematie viscosity at 35° C. 





Diesel-oil blends 











eacple 1 (RT-2 tar) with diluent percentage of: 


The value 


different amounts of Diesel oil. 
of this flocculating force necessary to produce 
the same condition in all tars is measured, 
and is represented by the amount of Diesel 
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oil required to cause separation into two 
phases. This has been previously shown 
to be very closely related to the point at 
which some constituents that were originally 


63 

























































KINEMATIC VISCOSITY AT 35° C-CENTISTOKES 
3 





- 
ce 














dies 
COKE-OVEN TAR 
(SAMPLE A, TABLE 9) 


0 |= 
=) 
pe 
7 
6 




















HHH 





ie) 10 20 30 40 S50 60 70 
DILUENT IN SAMPLE—PERCENT BY VOLUME 


1000 eee | 7 
500 el | 
400 








































































ht | 
W 300 
oO | * 
% 200 = 
z HOMOGENEOUS PHASE 
m1 1Do) | 
Ww 
Oo 
6 100 
° BOTTOM PHASE | 
rm 75 
q 
> 50 wes 
@ 40 
a : 
° TOP PHASE 
5 RT-3 TAR FROM 
She GOKE-OVEND 
TAR BASE 
(SAMPLE A-I, TABLE 10) 
id | | | 
o) 10 20 30 40 50 60 70 


DIESEL OIL IN SAMPLE-PERCENT BY VOLUME 











Ba 
SY 
q 


: 


\ HOMOGENEOUS PHASE 
IN (DIESEL OIL BLENDS) 


: SNe BOTTOM PHASE 








| 
Be airs 
atHEEE 


3B 
aD 
cS) 
oe 
rs 
G 
OD 
> 
m 





TOP PHASE 








KINEMATIC VISCOSITY AT 35° C-CENTISTOKES 


ie 
Bi 


Wimda 
















WATER-GAS TAR 
(SAMPLE D, TABLE 9) 

















0 i 
4 i 
8 
; Bes ee 
5 
(0) 10 20 30 40 50 60 70 


DILUENT IN SAMPLE —PERCENT BY VOLUME 




















KINEMATIC VISCOSITY~ AT 35° C-CENTISTOKES 


















RT-3 TAR 
(SAMPLE 25, TABLE 11) 





KINEMATIC VISCOSITY AT 35°C-GENTISTOKES 





0 10 20 30 40 50 60 70 
DIESEL OIL INSAMPLE-PERCENT BY VOLUME 


Figure 6.—Effect of various percentages of diluent on the kinematic viscosity at 35° C. 
of various tars. 


soluble in the continuous phase become in- 
compatible and precipitate (precipitation 
point as shown by microscope). 

Essentially the same basic conception of the 
phenomena involved was discussed recently 
by E. J. Dickinson.6 His studies involved 
a division of the tars into five fractions by a 
combination of distillation and solvent ex- 
traction, and molecular-weight determination 
on the various fractions. Studies were also 
made of the effect of these various fractions 
on the properties of dispersion in several 
media. His tests led to the following con- 
clusions: 


On this evidence, and from its general 
viscosity characteristics, it is suggested 
that tar is an ‘“‘associated colloid” in 
which the units are composed of a core 
of hydrocarbons of high molecular weight 
surrounded by a solvation layer of hydro- 


5 The constitution of road tar, by E. J. Dickinson; Journal 
of the Society of Chemical Industry; vol. 64; May 1945; 
pp. 121-130. 
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carbon molecules of lower molecular 
weight; these micelle units are dispersed 
in a continuous oily medium and thefe is 
no abrupt discontinuity of phase between 
this medium and the nuclei of the micelles. 
Dickinson also showed that certain floccu- 
lating agents tended to dissolve the protecting 
media around the micelles resulting in the 
flocculation of the neuclei. This conception, 
although expressed differently, is fundamen- 
tally the same as that discussed by Oliensis. 
The progressive flocculation of the dispersed 
phase may also be explained on the same 
basis. In the normal tar there is an equi- 
librium established between the continuous 
phase and the dispersed phase which is be- 
lieved to be dependent on the interfacial 
tension between the two phases. When Die- 
sel oil ts added, the surface tension of the 
continuous phase is changed, which also 
changes the interfacial tension. This changes 
the equilibrium conditions, resulting in a 
coalescence of some of the dispersed particles 
into larger groups. 
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Table 12.—Comparison of separation point 
as determined by usual test method and 
from viscosity curves 


Separation point 


Sample 
identifi- 
cation 


Type or grade of tar ror 


viscosity 


method | curve 





Coke-oven ‘ 27. 
Horizontal-retort 22k 
Vertical-retort 20. 
Heavy water-gas 32. 
Heavy water-gas (ex- 

treme, Case) == 22% 2125 





AAAANMDOAAMS Moon 
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RWW bwern wroprny 

BSS) OS Sho Sas 

MOCOMOMCAM MSO 





1 Residue from distillation to 270° C. , 
2 Based on the point at which the viscosity begins to 
increase for additional Diesel oil. 
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